PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 10-174331 
(43)Date of publication of application : 26.06.1998 



(51)Int.CL 




H02K 3/18 
H02K 3/28 
H02K 15/095 




(21)Application number: 


08-331007 


(71)Applicant 


: NISSAN MOTOR CO LTD 


(22)Date of filing : 


11.12.1996 


(72)Inventor : 


TSUKAMOTO MASAHIRO 
ONO FUMIO 



(54) STRUCTURE AND FORMATION OF WINDING OF MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To miniaturize a motor. 
SOLUTION: The motor comprises a stator 1 where a plurality 
of salient poles 1a-1f are formed at almost equal intervals in 
the direction of inner circumference; windings 2a-2f wound 
around the respective salient poles on the stator 1; and a 
rotor 3 having salient poles 3a-3d formed in the direction of 
outer circumference which are opposed to the inner 
circumference of the stator 1 and positioned coaxially with 
the stator 1. The windings wound around the opposite salient 
poles on the stator 1 are series-connected with each other 
to form one phase. In this case, when installed on the salient 
poles 1a-1f, the windings 2a, 2c, 2e are formed into a first 
shape so that they will not interfere with their adjacent 
salient poles, and the windings 2b, 2d, 2f are formed into a 
second shape so that they will not interfere with their 
adjacent salient poles and the windings of the first shape, and 
phases are thereby constituted. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The stator by which two or more salient poles were formed in the direction of inner 
circumference at abbreviation regular intervals, and the coil coiled around each salient pole of this 
stator about, In the electric motor with which it is constituted including Rota in which the salient pole 
of the direction of a periphery which is the inner circumference section of said stator, and is arranged 
on the same axle was formed, the coil coiled about around the salient pole where said stator counters 
is connected to a serial, and one phase is formed Coil structure of the electric motor characterized 
by constituting the coil which forms said phase from two or more coils with which volume 
configurations differ. 

[Claim 2] It is the coil structure of the electric motor according to claim 1 characterized by being the 
configuration that the coil with which number of turns differ, respectively is coiled about in the 
adjoining salient pole which said phase consists of coils which are two kinds from which number of 
turns differ if the number of said phases is in odd electric motors, and is formed in said stator. 
[Claim 3] the coil of the 2nd configuration which coiled the coil which is two kinds from which said 
number of turns differ around the salient pole and the noninterfering configuration where of the coil 
of the 1st configuration rolled and formed in the adjoining salient pole and the noninterfering 
configuration at the time of the attachment to the salient pole formed in said stator, the coil of this 
1st configuration, and the coil of the 1st configuration are attached, and was formed — since — the 
coil structure of the electric motor according to claim 2 characterized by to be constituted. 
[Claim 4] The coil of said 1st configuration is parallel to the 1st straight line showing one side face of 
a self-salient pole in which the coil of this 1st configuration is attached, the 1st radii showing the 
inner skin of said stator, and said 1st straight line. And are perpendicular to the angle of the point of 
the salient pole of the adjoining stator, the 2nd straight line which prepared predetermined path 
clearance, and said 1st straight line. And it is formed in the field of the abbreviation rectangle 
configuration which comes out with the 3rd straight line which passes along the point of the direction 
of a stator periphery, and consists of angles of the point of said self-salient pole, the coil of said 2nd 
configuration Are parallel to the 4th straight line showing one side face of a self-salient pole in which 
the coil of this 2nd configuration is attached, the 2nd radii showing the inner skin of said stator, and 
said 4th straight line. And are parallel to one side face of the angle of the point of the salient pole of 
the adjoining stator, the 5th straight line which prepared predetermined path clearance, and the 
adjoining salient pole formed in the stator. and-the coil structure of the electric motor according to 
claim 3 characterized by being formed in the field of the abbreviation trapezoid configuration which 
comes out with the 6th straight line which passes along the point of the direction of a stator 
periphery, and consists of angles of the point of a self-salient pole. 

[Claim 5] The number of said phases is the coil structure of the electric motor of any one publication 
of claim 1-4 characterized by being a three phase circuit. 

[Claim 6] Said phase is the coil structure of the electric motor according to claim 1 characterized by 
consisting of three or more kinds of coils with which number of turns differ, and being constituted 
combining said coil so that the number of turns of the coil coiled around each salient pole of said 
stator about may become the same. 

[Claim 7] If said phase is in the electric motor which consists of coils which are four kinds from which 
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number of turns differ Th^^i of the 1st configuration which coiled s^^^ur kinds of coils around 
the salient pole and noninterfering configuration which adjoin at the time of the attachment to the 
salient pole formed in said stator, and was formed, The coil of the 2nd configuration rolled and formed 
in the salient pole and the noninterfering configuration where the coil of this 1st configuration and the 
coil of the 1st configuration are attached, The coil of the 3rd configuration rolled and formed in the 
angle and noninterfering configuration of a point of a salient pole which are wound around the 
perimeter of the coil of said 1st configuration about, and adjoin at the time of the attachment, the 
coil of the 4th configuration rolled and formed in the angle and noninterfering configuration of a point 
of a salient pole which are wound around the perimeter of the coil of said 2nd configuration about, 
and adjoin at the time of the attachment — since — the coil structure of the electric motor 
according to claim 6 characterized by being constituted. 

[Claim 8] The stator by which two or more salient poles were formed in the direction of inner 
circumference at abbreviation regular intervals, and the coil coiled around each salient pole of this 
stator about While being constituted including Rota in which the salient pole of the direction of a 
periphery which is the inner circumference section of said stator, and is arranged on the same axle 
was formed, connecting to a serial the coil coiled about around the salient pole where said stator 
counters and forming one phase In the electric motor which constitutes the coil which forms this 
phase from a coil of the 1st configuration with which the shape of the former differs from number, of 
turns, and a coil of the 2nd configuration when the number of said phases is odd Are parallel to the 
1st straight line showing one side face of a self-salient pole in which the coil of said 1st configuration 
is attached in the coil of this 1st configuration, the 1st radii showing the inner skin of said stator, and 
said 1st straight line. And are perpendicular to the angle of the point of the salient pole of the 
adjoining stator, the 2nd straight line which prepared predetermined path clearance, and said 1st 
straight line. And the 3rd straight line which passes along the point of the direction of a stator 
periphery from the angle of the point of said self-salient pole, Are parallel to the 4th straight line 
showing one side face of a self-salient pole in which come out, wind and form in the field of the 
abbreviation rectangle configuration constituted, and the coil of said 2nd configuration is attached in 
the coil of this 2nd configuration, the 2nd radii showing the inner skin of said stator, and said 4th 
straight line. And are parallel to one side face of the angle of the point of the salient pole of the 
adjoining stator, the 5th straight line which prepared predetermined path clearance, and the adjoining 
salient pole formed in the stator. and the coil formation approach of the electric motor characterized 
by winding and forming in the field of the abbreviation trapezoid configuration which comes out with 
the 6th straight line which passes along the point of the direction of a stator periphery, and consists 
of angles of the point of a self-salient pole. 

[Claim 9] The coil mold which specified said 1st straight line, the 1st radii, and the 3rd straight line 
for the coil of said 1st configuration is used. The coil formation approach of the electric motor 
according to claim 8 characterized by fixing this 1st configuration, and removing and forming said coil 
mold after coiling and carrying out the time of the line from said. coil type of the lowest layer one by 
one to the height specified in said 2nd straight line and forming the 1st configuration. 
[Claim 10] The coil formation approach of the electric motor according to claim 9 characterized by 
fitting into the salient pole of said stator with the coil around which the coil mold of said 1st 
configuration was wound about by this coil mold. 

[Claim 11] Doubling a roll edge with said 6th straight line to the height specified in said 5th straight 
line in the coil of said 2nd configuration using the coil mold which specified the intersection of said 
4th straight line, the 2nd radii and the 4th straight line, and the 6th straight line The coil formation 
approach of the electric motor according to claim 8 characterized by fixing this 2nd configuration, and 
removing and forming said coil mold after coiling and carrying out the time of the line one by one from 
said coil type of the lowest layer and forming the 2nd configuration. 

[Claim 12] The coil formation approach of the electric motor according to claim 11 characterized by 
fitting into the salient pole of said stator with the coil around which the coil mold of said 2nd 
configuration was wound about by this coil mold. 

[Claim 13] The coil structure of the electric motor characterized by to consider as the configuration 
which optimizes the configuration of each coil and increases the number of turns of a coil while 
dividing into two or more different coils the coil which forms said phase in the electric motor with 



which the coil with which^^or more salient poles are wound about ^J^id the salient pole where 
the stator formed in abbreviation regular intervals counters is connected to a serial, and one phase is 
formed in the direction of inner circumference. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the technique which raises the space pulse 
duty factor of a coil about the coil structure and the coil formation approach of an electric motor. 
[0002] • 

[Description of the Prior Art] There is for example, an SR motor as an example of the conventional 
electric motor. With SR motor, as shown in drawing 7 , the stator (stator) 10 which has the salient 
poles 10a-10f of the inner sense, and Rota (rotator) 11 which has the outward salient poles 11a-11d 
are arranged on the same axle, and Coils 12a-12f are coiled around the salient poles 10a~10f of a 
stator 10 about Here, the coil coiled about around two salient poles where a stator 10 counters is 
called a "phase", and, generally the coil of a phase is connected to the serial. Moreover, the number 
of the salient pole in Rota 1 1 and the salient poles of a stator 10 is set as even pieces which do not 
have ploidy mutually. That is, by SR motor of drawing 7 , the number of the salient poles of four and a 
stator 10 is [ the number of the salient poles in Rota 11] six. 

[0003] And a current is passed to the phase of a stator 10, magnetic flux is generated, and torque 
occurs by drawing the salient pole in Rota 1 1 of the near. Under the present circumstances, if salient 
poles with a stator 10 and Rota 11 counter, and the gap has arisen in other salient poles, the salient 
pole serially shifted is chosen and it energizes to that phase, it will be continuously drawn by the 
salient pole in Rota 11, and Rota 11 can be rotated. The torque generated on SR motor changes 
according to the relative position of Rota 1 1 and a stator 10, and the current value supplied to a 
phase and the number of turns of the coil coiled around a salient pole about. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when SR motor is small, among stators 10, using 
a winding machine etc., since direct volume Lycium chinense was difficult, in the actual production 
process, the coil was beforehand coiled around the salient poles 10a-10f of the sense for the coil 
according to the salient pole configuration, and this is fitted into them in the salient pole. In this case, 
since the point of the salient pole of a stator 10 has small spacing with the salient pole which adjoins 
compared with the end face section as shown in drawing 7 , the inlet-port section for fitting in a coil 
is narrow, and although spacing of the salient poles of the end face section of a stator 10 is large, if a 
production process is taken into consideration, the problem that the number of turns of the coil 
coiled around a salient pole about cannot be made [ many ] will arise. 

[0005] Therefore, since many building envelopes which are not used exist when using SR motor of a 
conventional type as a motor which controls for example, a dynamo-electric brake actuator etc., in 
order to acquire torque required for control, such as a dynamo-electric brake actuator, the big motor 
of an appearance will be used. That is, since four SR motors were needed in the case of the dynamo- 
electric brake actuator and one motor could not be miniaturized, there was a trouble that 
miniaturization and lightweight-ization of the whole dynamo-electric brake actuator could not be 
performed. 

[0006] Then, this invention aims at offering the coil structure and the coil formation approach of an 
electric motor of having attained the miniaturization by raising the space pulse duty factor of the coil 
in an electric motor in view of the above conventional troubles. 
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[0007] 

[Means for Solving the Problem] For this reason, the stator in which the salient pole of plurality 
[ invention / according to claim 1 / direction / of inner circumference ] was formed at abbreviation 
regular intervals, In the coil coiled around each salient pole of this stator about, and the inner 
circumference section of said stator, and Rota in which the salient pole of the direction of a 
periphery arranged on the same axle was formed, It consisted of ****** and the coil which forms 
said phase consisted of two or more coils with which volume configurations differ in the electric 
motor with which the coil coiled about around the salient pole where said stator counters is 
connected to a serial, and one phase is formed. 

[0008] If it is made the electric motor of such a configuration, in order to pass a current to the phase 
which consists of a coil coiled about around the salient pole where a stator counters, the magnetic 
flux produced with both coils is united in a phase, by this magnetic flux, the salient pole in Rota is 
drawn and torque is generated. Therefore, when the number of turns of the coil in each phase 
increase compared with the electric motor of a configuration conventionally and a fixed current is 
passed to a phase by optimizing the volume configuration of the coil coiled around each salient pole 
of a stator about, the magnetic flux generated as a phase will increase compared with the former. 
[0009] If invention according to claim 2 had the number of said phases in odd electric motors, said 
phase consisted of coils which are two kinds from which number of turns differ, and was considered 
as the configuration around which the coil with which number of turns differ, respectively is coiled 
about in the adjoining salient pole formed in said stator. If it does in this way, when the number of 
phases will be odd, by considering as the configuration which coils about the coil with which number 
of turns differ in an adjoining salient pole, respectively, the sum total number of turns of the coil of 
each phase become equal, and the output characteristics of an electric motor become smooth. 
[0010] the coil of the 2nd configuration which invention according to claim 3 coiled the coil which is 
two kinds from which said number of turns differ around the salient pole and the noninterfering 
configuration where the coil of the 1st configuration rolled and formed in the adjoining salient pole 
and noninterfering configuration at'the time of the attachment to the salient pole formed in said 
stator, the coil of this 1st configuration, and the coil of the 1st configuration are attached, and was 
formed — since — it constituted. Many coils will be coiled about by the space between the end face 
sections of a salient pole, preventing interference with an adjoining salient pole and an adjoining coil, 
if it does in this way. 

[001 1] Invention according to claim 4 is parallel to the 1st straight line showing one side face of a 
self-salient pple in which the coil of said 1st configuration is attached in the coil of this 1st 
configuration, the 1st radii showing the inner skin of said stator, and said 1st straight line. And are 
perpendicular to the angle of the point of the salient pole of the adjoining stator, the 2nd straight line 
which prepared predetermined path clearance, and said 1st straight line. And the 3rd straight line 
which passes along the point of the direction of a stator periphery from the angle of the point of said 
self-salient pole, Are parallel to the 4th straight line showing one side face of a self-salient pole in 
which come out, form in the field of the abbreviation rectangle configuration constituted, and the coil 
of said 2nd configuration is attached in the coil of this 2nd configuration, the 2nd radii showing the 
inner skin of said stator, and said 4th straight line. And are parallel to one side face of the angle of 
the point of the salient pole of the adjoining stator, the 5th straight line which prepared 
predetermined path clearance, and the adjoining salient pole formed in the stator. and it considered 
as the configuration formed in the field of the abbreviation trapezoid configuration which comes out 
with the 6th straight line which passes along the point of the direction of a stator periphery, and 
consists of angles of the point of a self-salient pole. 

[0012] If it does in this way, the coil of the 1st configuration and the 2nd configuration will serve as 
an adjoining coil and an adjoining salient pole, and a configuration without a mutual intervention, in 
case a coil is attached in a salient pole. Invention according to claim 5 made the number of said 
phases the three phase circuit. Structure becomes easy, generating practical torque, since the 
salient pole of a stator is set to six, if it does in this way. 

[0013] Invention according to claim 6 constituted said phase from three or more kinds of coils with 
which number of turns differ, and it constituted it combining said coil so that the number of turns of 
the coil coiled around each salient pole of said stator about might become the same. If it does in this 



way, the number of turns oTthe coil coiled around each salient pole of a stator about will become the 
same by combining three or more kinds of coils. 

[0014] If invention according to claim 7 has said phase in the electric motor which consists of coils 
which are four kinds from which number of turns differ The coil of the 1st configuration which coiled 
said four kinds of coils around the salient pole and noninterfering configuration which adjoin at the 
time of the attachment to the salient pole formed in said stator, and was formed, The coil of the 2nd 
configuration rolled and formed in the salient pole and the noninterfering configuration where the coil 
of this 1st configuration and the coil of the 1st configuration are attached, The coil of the 3rd 
configuration rolled and formed in the angle and noninterfering configuration of a point of a salient 
pole which are wound around the perimeter of the coil of said 1st configuration about, and adjoin at 
the time of the attachment, the coil of the 4th configuration rolled and formed in the angle and 
noninterfering configuration of a point of a salient pole which are wound around the perimeter of the 
coil of said 2nd configuration about, and adjoin at the time of the attachment — since — it 
constituted. 

[0015] Many coils will be coiled about by the space between the end face sections of a salient pole if 
it does in this way. The stator in which the salient pole of plurality [ invention / according to claim 
8 / direction / of inner circumference ] was formed at abbreviation regular intervals, In the coil coiled 
around each salient pole of this stator about, and the inner circumference section of said stator, and 
Rota in which the salient pole of the direction of a periphery arranged on the same axle was formed, 
While consisting of ******, connecting to a serial the coil coiled about around the salient pole where 
said stator counters and forming one phase, when the number of said phases is odd In the electric 
motor which constitutes the coil which forms this phase from a coil of the 1 st configuration with 
which the shape of the former differs from number of turns, and a coil of the 2nd configuration Are 
parallel to the 1st straight line showing one side face of a self-salient pole in which the coil of said 
1st configuration is attached in the coil of this 1st configuration, the 1st radii showing the inner skin 
of said stator, and said 1st straight line. And are perpendicular to the angle of the point of the salient 
pole of the adjoining stator, the 2nd straight line which prepared predetermined path clearance, and 
said 1st straight line. And the 3rd straight line which passes along the point of the direction of a 
stator periphery from the angle of the point of said self-salient pole, Are parallel to the 4th straight 
line showing one side face of a self^salient pole in which come out, wind and form in the field of the 
abbreviation rectangle configuration constituted, and the coil of said 2nd configuration is attached in 
the coil of this 2nd configuration, the 2nd radii showing the inner skin of said stator, and said 4th 
straight line. And are parallel to one side face of the angle of the point of the salient pole of the 
adjoining stator, the 5th straight line which prepared predetermined path clearance, and the adjoining 
salient pole formed in the stator. and it wound and formed in the field of the abbreviation trapezoid 
configuration which comes out with the 6th straight line which passes along the point of the direction 
of a stator periphery, and consists of angles of the point of a self-salient pole. 
[0016] When making it the formation approach of such a coil, and the number of turns of a coil 
increase compared with the electric motor of a conventional type and a fixed current is passed to a 
phase by attaching the coil of the 1st configuration in a salient pole, preventing a mutual intervention 
with an adjoining coil and an adjoining salient pole after attaching the coil of the 2nd configuration in a 
salient pole, the magnetic flux generated as a phase increases. After invention according to claim 9 
coiled and carried out the time of the line from said coil type of the lowest layer one by one to the 
height specified in said 2nd straight line in the coil of said 1st configuration using the coil mold which 
specified said 1st straight line, the 1st radii, and the 3rd straight line and formed the 1st 
configuration, it fixed this 1st configuration, and removed and formed said coil mold. 
[0017] If it does in this way, the coil of the 1st configuration will be easily formed using the coil mold 
of an easy configuration. Invention according to claim 10 fitted into the salient pole of said stator with 
the coil around which the coil mold of said 1st configuration was wound about by this coil mold. If it 
does in this way, form collapse of the coil of the 1st configuration will be prevented by the coil mold. 
[0018] Invention according to claim 1 1 doubling a roll edge with said 6th straight line to the height 
specified in said 5th straight line in the coil of said 2nd configuration using the coil mold which 
specified the intersection of said 4th straight line, the 2nd radii and the 4th straight line, and the 6th 
straight line After coiling and carrying out the time of the line one by one from said coil type of the 



lowest layer and forming the 2nd configuration, this 2nd configuration was fixed, and said coil mold 
was removed and formed. 

[0019] If it does in this way, the coil of the 2nd configuration will be easily formed using the coil mold 
of an easy configuration. Invention according to claim 12 fitted into the salient pole of said stator with 
the coil around which the coil mold of said 2nd configuration was wound about by this coil mold. If it 
does in this way, form collapse of the coil of the 2nd configuration will be prevented by the coil mold. 
[0020] In the electric motor with which the coil with which two or more salient poles are wound about 
around the salient pole where the stator formed in abbreviation regular intervals counters is 
connected to a serial, and one phase is formed in the direction of inner circumference, invention 
according to claim 13 was taken as the configuration which optimizes the configuration of each coil 
and increases the number of turns of a coil while it divided into two or more different coils the coil 
which forms said phase. While an electric motor is miniaturized when the output torque of an electric 
motor is set constant since the sum total number of turns of two or more coils which form a phase 
will increase and the magnetic flux generated in a phase will increase, if it is made the electric motor 
of such a configuration, when ** is set constant outside an electric motor, the output torque of an 
electric motor increases by the magnetic flux which increased. 
[0021] 

[Effect of the Invention] Since it constituted from two or more coils with which the coil which forms 
a phase is coiled and configurations differ according to invention according to claim 1 or 13 as 
explained above, by optimizing the volume configuration of each coil, the rate (space pulse duty 
factor) that the coil in the space between the end face sections of the salient pole formed in the 
stator occupies becomes high, and the number of coils as a phase increases. Therefore, since the 
magnetic flux generated in a phase becomes large when a fixed current is passed to a phase, the 
force which draws the salient pole in Rota, i.e., torque, becomes large, and, in the case of the electric 
motor of ** outside the same, in the case of increase of an output torque, or the electric motor of a 
fixed output, a miniaturization can be attained. For example, when using an electric motor for control 
of an actuator, a miniaturization and lightweight-izing of an actuator can be promoted. 
[0022] According to invention according to claim 2, by coiling about the coil with which number of 
turns differ in an adjoining salient pole, respectively, when a phase is odd pieces, since the sum total 
number of turns of the coil of each phase become equal, the output characteristics of an electric 
motor can be smoothed. According to invention according to claim 3, it becomes possible to coil 
many coils about by the space between the end face sections of the salient pole of a stator. 
[0023] According to invention according to claim 4, the 1st easy configuration and the 2nd easy 
configuration without interference with an adjoining salient pole and an adjoining coil can be specified, 
increasing efficiently the number of turns of the coil in each phase. Therefore, since the coil of the 
1st configuration and the 2nd configuration can be formed easily, the balance of the engine 
performance of an electric motor and cost can be reconciled at a high dimension. 
[0024] Structure of an electric motor can be simplified making the number of phases into a three 
phase circuit, and generating 6, then practical torque for the number of the salient poles of a stator 
according to invention according to claim 5. Therefore, improvement can be aimed at for the balance 
of the engine performance of an electric motor, and cost According to invention according to claim 6, 
by combining three or more kinds of coils, since the number of turns of the coil coiled around each 
salient pole of a stator about become the same, this invention is applicable also to the electric motor 
which has the number of what kind of phases. That is, the number of phases is applicable [ the 
number not only of odd things but phases / at least even things ]. 

[0025] Since the phase was constituted from four kinds of coils with which number of turns differ 
according to invention according to claim 7, many coils will be coiled about by the space between the 
end face sections of a salient pole compared with the electric motor which consists of coils of the 
1st configuration and the 2nd configuration. Therefore, when an output torque can be increased more 
when ** is made the same outside an electric motor, and the output torque of an electric motor is 
made the same, the outside ** can be miniaturized more. 

[0026] According to invention according to claim 8, after being able to form the coil of the 1st 
configuration and the 2nd configuration easily and attaching the coil of the 2nd configuration in a 
salient pole, compared with the electric motor of a conventional type, the number of turns of a coil 



s^^y attaching the coil of the 1st configuration 



can be efficiently increasedby attaching the coil of the 1st configuration in a salient pole, preventing 
a mutual intervention with an adjoining coil and an adjoining salient pole. According to invention 
according to claim 9, since the coil of the 1st configuration is formed using an easy coil mold, 
manufacture of a coil can be automated and cost reduction can be planned. 

[0027] Since the coil coiled around the coil mold of the 1st configuration about is fitted into the 
salient pole of a stator with a coil mold according to invention according to claim 10, form collapse of 
the coil of the 1st configuration is prevented by the coil mold. It becomes unnecessary moreover, to 
take into consideration the insulation with the coil of the 1st configuration, and the salient pole of a 
stator. According to invention according to claim 11, since the coil of the 2nd configuration is formed 
using an easy coil mold, manufacture of a coil can be automated and cost reduction can be planned. 
[0028] Since the coil coiled around the coil mold of the 2nd configuration about is fitted into the 
salient pole of a stator with a coil mold according to invention according to claim 12, form collapse of 
the coil of the 2nd configuration is prevented by the coil mold. It becomes unnecessary moreover, to 
take into consideration the insulation with the coil of the 2nd configuration, and the salient pole of a 
stator. 
[0029] 

[Embodiment of the Invention] Hereafter, with reference to the attached drawing, this invention is 
explained in full detail. First, the principle of this invention is explained. In order that electric motors, 
such as SR motor, may pass a current to the phase which consists of a coil coiled about around the 
salient pole where a stator counters, the magnetic flux produced with both coils is united in a phase, 
and by this magnetic flux, they draw the salient pole in Rota and generate torque. 
[0030] That is, the magnetic flux generated with the coil coiled around each salient pole of a stator 
about does not necessarily need to be the same, the magnetic flux generated as each phase will be 
the same respectively, and it will ****. Therefore, this invention divided the coil of each phase into 
the coil of two or more different configurations (number of turns), by optimizing each coil in the 
configuration which does not have others and interference at the time of the attachment, makes the 
number of turns of the coil in each phase increase compared with the electric motor of a 
conventional type, and promoted increase of the output torque of an electric motor, or the 
miniaturization of an electric motor. 

[0031] As a concrete example of this invention which realized such technical thought, the 1st 
example and the 2nd example which are described below are explained. Drawing 1 shows the 1st 
example of the coil structure of the electric motor concerning this invention, and expresses the 
sectional view in a flat surface perpendicular to the revolving shaft of SR motor at the time of setting 
3 (it being the number of salient poles of a stator 6), and the number of salient poles of Rota to 4 for 
a source resultant pulse number. 

[0032] Six salient poles 1a-1f of the inner sense are formed in the stator (stator) 1 for 60 degrees of 
every abbreviation to the medial axis. These salient poles 1a-1f serve as an abbreviation rectangle 
configuration which had predetermined die length in the shaft orientations (perpendicular direction 
[ as opposed to / Namely, / space ]) of a stator 1, and Coils 2a~2f are coiled about to salient poles 
[ 1a-1f ] each. Here, as for Coils 2a, 2c, and 2e, the cross-section configuration is an abbreviation 
rectangle configuration (this configuration is hereafter called "1st configuration"), and the cross- 
section configuration is an abbreviation trapezoid configuration coil 2b and 2d and 2f (this 
configuration is hereafter called "2nd configuration"). In addition, the detail of the 1st configuration 
and the 2nd configuration is mentioned later. And Komaru in drawing expresses the cross section of a 
coil, and Komaru's number of one half which form each coil serves as number of turns of a coil. 
[0033] Moreover, it connects with a serial, respectively and 2a, 2d, and 2b and 2f [ 2e 2c, and ] form 
the phase in two coils and concrete target which counter. Here, since the number of phases is odd 
(3), the coil of the 1st configuration and the 2nd configuration where configurations differ serves as a 
pair, and forms a phase. When a current is passed to the phase which both the coils that form this 
phase are connected to the serial so that magnetic flux may be generated in this direction, for 
example, consists of coils 2a and 2d, as for 2d of coils, coil 2a will generate magnetic flux toward the 
direction of a core of a stator 1 (arrow head B), supposing magnetic flux occurs toward the direction 
of a periphery of a stator 1 (arrow head A). A paraphrase connects Coils 2a and 2d to the serial so 
that a current may flow toward the near side of space on salient poles [1a and 1d ] left-hand side 



and a current may flow toward the other side of space on salient poles Tl a and 1d ] right-hand side. 
[0034] Inside the stator 1, Rota (rotator) 3 is arranged on the same axle, and four outward salient 
poles 3a-3d are formed in Rota 3 for 90 degrees of every abbreviation to the medial axis in it. And 
the shaft 4 for taking out torque through rotation of Rota 3 is formed in the medial axis of Rota 3. 
Drawing 2 is an explanatory view showing the detail of a Coils [ 2a-2f ] cross-section configuration. 
[0035] Although there are the 1st configuration (coils 2a, 2c, and 2e) and the 2nd configuration (coil 
2b, 2d, 2f) as a configuration of a coil, coil 2a and 2b are explained as the representative, and since 
other coils 2c~2f are the same as that of this, the explanation is omitted. When coil 2a of the 1st 
configuration is explained, first, the 1st configuration Are parallel to Radii b (the 1st radii) and the 
straight line a showing the inner skin of the straight line a showing one side face of salient pole 1a 
(the 1st straight line), and a stator 1. and it is formed in the field which is perpendicular to the 
straight line c (the 2nd straight line) and straight line c which have the predetermined path clearance 
delta 1 to the straight line which passes along the angle of the point of adjoining salient pole 1b, and 
comes out with the straight line d (the 3rd straight line) which passes along the angle of the point of 
salient pole 1a, or the attachment point of coil 2a, and is surrounded. It opts for path clearance delta 

1 in consideration of the swelling and dispersion at the time of formation of coil 2a, and is made for 
coil 2b and interference which are mentioned later not to produce it here. 

[0036] When coil 2b of the 2nd configuration is explained, next, the 2nd configuration Are parallel to 
Radii f (the 2nd radii) and the straight line e showing the inner skin of the straight line e showing one 
side face of salient pole 1b (the 4th straight line), and a stator 1. and it is formed in the field which is 
parallel to the straight line g (the 5th straight line) which has the predetermined path clearance delta 

2 to the straight line which passes along the angle of the point of adjoining salient pole 1a, and said 
straight line c, and comes out with the straight line h (the 6th straight line) which passes along the 
angle of the point of salient pole 1b, or the attachment point of coil 2b, and is surrounded. In addition, 
how to form path clearance delta 2 is the same as that of the path clearance delta 1 of the 1st 
configuration. 

[0037] Drawing 3 is a mimetic diagram showing the formation approach of the coil (2a, 2c, 2e) of the 
1st configuration. Here, only the formation approach of the expedient top of explanation and coil 2a is 
explained. That is, coil 2a is drawing 3 (a). It forms using the coil mold 5 as shown. This coil mold 5 is 
constituted by the quadrisected coil molds 5a-5d, and that cross-section configuration has the cross 
section of the shape of a typeface of KO (the so-called channel configuration). The cross-section 
configuration of the coil mold 5 is drawing 3 (b). The part in which end side 6b is equivalent to said 
straight line d (or the radii b), other end side 6c is equivalent to said radii b (or the straight line d) at 
said straight line a, and base 6a is equivalent to said straight line c is adjusted with the number of 
layers of coil 2a rolled and piled up so that it may be shown (refer to drawing 2 ). 
[0038] Generally, when rolling and piling up coil 2a, it is drawing 3 (b). The rate (space pulse duty 
factor) that will be most stabilized like if the following coil is coiled and piled up in the center of two 
lower coils, and the line to space occupies also becomes high. Then, spacing (width of face) which the 
end faces 6b and 6c of the coil mold 5 make is doubled with the size of the number-of-turns x line of 
the lowest layer, like the again same number of turns as the lowest layer, it winds and number of 
turns [ once ] smaller than the 1st layer and the 3rd layer put it on these number of turns and a two- 
layer eye at the lowest layer. Coil 2a which has the abbreviation rectangular section of the 1st 
configuration according to this activity is completed. If it finishes winding, coil 2a will be hardened 
with a varnish etc., and the coil molds 5a-5d are divided and removed after that In addition, when 
rolling and piling up coil 2a, for example, since the line of the edge of the 3rd layer fell to the two- 
layer eye after end-face 6b or 6c of the coil mold 5 escaped, the coil mold 5 (5a-5d) should have 
only the rigidity which bears it. 

[0039] in addition, the thing of the mere type which can be removed after coil activity termination 
with the configuration which can be divided as shown in drawing of role is sufficient as the coil mold 5 
used here — carrying out — the coil mold 5 — the thing of the role of the bobbin which forms a-5d 
in one, and is attached in a stator 1 with coil 2a may be used. Only in the case of the role of a mold, 
the cost of SR motor becomes cheap, and also (there is little need number of a mold) since the tooth 
space of a bobbin is unnecessary, there is a merit, like much coil 2a can be rolled. On the other hand, 
in the case of a bobbin, although it is necessary to create ** according to said straight lines a, c, and 



d and Radii d (to refer to drawing 2 ) outside a bobbin, there is a merit of coil 2a not considering form 
collapse separately to a lifting at the time of bobbin attachment about the insulation between a pile, a 
stator 1 t and coil 2a. Therefore, which is adopted should just choose in consideration of the military 
requirements (an output torque, outside **, etc.) of SR motor. 

[0040] Drawing 4 is a mimetic diagram showing the formation approach of the coil (2b, 2d, 2f) of the 
2nd configuration. Here, only the formation approach of the expedient top of explanation and coil 2b 
is explained. That is, coil 2b is drawing 4 (a). It forms using the coil mold 7 as shown. Like [ this coil 
mold 7 ] the coil mold 5 (refer to drawing 3 ) of the 1st configuration, it is constituted by the 
quadrisected coil molds 7a-7d, and that cross-section configuration has the cross section of the 
shape of a typeface of KO with one short side face (close to the so-called angle-type configuration). 
As the cross-section configuration of the coil mold 7 is shown in drawing 7 (b), the part in which end 
side 8b with short height is equivalent to the intersection of said straight line e and straight line h, 
other end side 8c is equivalent to said radii f at said straight line e, and base 8a is equivalent to said 
straight line g is adjusted with the number of layers of coil 2b rolled and piled up (refer to drawing 2 ). 

[0041] By the way, coil 2b of the 2nd configuration is that (that is, the straight line h leans) from 
which said straight line h and straight line e do not serve as an abbreviation right angle unlike coil 2a 
of the 1st configuration, and the number of turns of coil 2b must be rolled, reducing so that it 
becomes the upper layer. Also in this case, although the following coil is coiled and piled up in the 
center of two lower coils like coil 2a of the 1st configuration, it is drawing 4 (b). Like, the lowest layer 
and a two-layer eye are the same as coil 2a of the 1st configuration, with the same number of turns 
as a two-layer eye, the 3rd layer is 1 **** carried out, and is rolled, and the 4th layer rolls number of 
turns [ once ] smaller than the 3rd layer. Thus, when it reduces number of turns one roll at a time for 
two-layer [ every ], it is drawing 4 (b). An inclined plane [ like ] is formed and the tilt angle serves as 
60 degrees of abbreviation. In this example, since a phase is three (the number of salient poles of a 
stator 1 is 6), if coil 2b of the 2nd configuration is rolled as mentioned above, the required tilt angle of 
60 degrees can be formed easily. 

[0042] Moreover, if it reduces twice and winds by the two-layer eye, a tilt angle will serve as 30 
degrees of abbreviation. Then, drawing 4 (c) Like, it considers as the decrease (30 degrees) of two 
two-layer eyes, the 3rd layer 1-time decrease (30 degrees), the 4th layer 2 times decrease (30 
degrees), and a 5th layer 1-time decrease (30 degrees), and the 6th layer will be made to the include 
angle of 36 degrees of abbreviation on the average, if the way of reducing called a 1-time decrease 
(60 degrees) be adopted. This include angle is applicable to slant-face formation of SR motor of five 
phases (the number of salient poles of a stator 1 is 10) (since a phase serves as even number with 
six phases, an every 30 degrees thing cannot be used). 

[0043] In addition, although it can use for a mold and a bobbin, when using for a mold, even if the coil 
mold 7 (7a-7d) of the character cross-section configuration of KO with one short side face in which 
it explained here has the the same die length of the character of the same KO as the 1st 
configuration, it does not interfere. Moreover, although two configurations (the 1st configuration and 
the 2nd configuration) shown here are formed in the abbreviation rectangle and the abbreviation 
trapezoid in consideration of the ease of a coil activity, they may coil a coil around the salient poles 
[ of a stator 1 / 1a-1f ] end face section (said near radii b and f) further. 

[0044] furthermore, drawing 3 (b) one — a side face — six — b (or 6c) — an outside — curving — 
making — reverse — curvature — a configuration — winding — if — drawing 2 — it can set — said 

— a straight line — d — a salient pole — one — a — inner skin — one — a — ' — having extended 

— radii — d — ' — ** — carrying out — things — being possible . In this case, more coils can be 
coiled. The assembly of SR motor is explained only attachment of a coil referring to drawing 1 here, 
although carried out in order of attachment and connection of a coil, installation of Rota, and cap 
installation of both ends. 

[0045] First coil 2b of the 2nd configuration and 2d and 2f are attached to the salient poles 1b, 1d, 
and 1f of a stator 1. Coil 2b is inserted in the inside of a stator 1, and it fits into salient pole 1b. 
Since it is formed so that it may not interfere with the angle of the point of the salient poles 1a and 
1c which adjoin by the straight line g (refer to drawing 2 ) as the peripheral face of coil 2b was 
mentioned above at this time, any failure cannot be found and it can fit into salient pole 1b. Similarly, 



I 



Coils 2d and 2f are also attached. 

[0046] Next, the coils 2a, 2c, and 2e of the 1st configuration are attached to the salient poles 1a, 1c, 
and 1e of a stator 1. Like coil 2b of the 2nd configuration, and 2d and 2f, coil 2a is inserted inside a 
stator 1, and it fits into salient pole 1a. Since coil 2b and the 2f straight-line h part which are formed 
according to the straight line c (refer to drawing 2 ) as the peripheral face of coil 1a was mentioned 
above at this time, and adjoin separate a straight line c and the predetermined path clearance delta 1 
and are formed, any failure does not have them and they can fit into salient pole 1a. Similarly, Coils 
2c and 2e are also attached. 

[0047] If all the coils 2a-2f are attached, Coils 2a-2f are fixed. Although there are various kinds of 
approaches among the fixed approaches of a coil, if the angle of the point of a salient pole prescribes 
said straight lines d and h and adhesion and a coil tip location will prescribe, the approach of putting a 
plate between a point etc. can be used. Actuation of SR motor which, consists of a configuration of 
having explained above is the same as that of SR motor of a conventional type. However, when the 
coil of each salient pole is coiled as the same configuration, salient poles [ which were formed in the 
stator 10 / 10a-10f ] near the end face section, much space which is not used exists like drawing 7 , 
and there are few number of turns of a coil. The number of turns (the number of Komaru of a 
sectional view) of a plane 1 are actually 107(time/coil) x2=214 time in this drawing. On the other 
hand, the number of turns of the plane 1 in SR motor of this invention are 129 times [ +115 ] = 244 
times (refer to drawing 1 ), and there are more number of turns of a coil clearly than drawing 7 . 
Therefore, since the amount of magnetic flux generated when the same current value is passed to a 
phase, i.e., torque, can be increased, it becomes possible to generate the torque same also as a 
motor of smaller size. 

[0048] Drawing 5 is what showed the 2nd example of the coil structure of the electric motor 
concerning this invention, and adds a coil to the space which is not used in the 1st example further. 
A coil consists of four coils per plane 1. That is, the phase which Coils 9b, 9d, and 9f are added to the 
coils 9a, 9c, and 9e of the 3rd configuration and salient poles 1b, 1d, and 1f to salient poles 1a, 1c, 
and 1e, for example, consists of salient poles 1a and 1d consists of coils 2a and 9a (salient pole 1a) 
and coils 2d and 9d (1d of salient poles). In addition, the same is said of the phase which consists of 
salient poles 1b and 1e and salient poles 1c and 1f. 

[0049] Drawing 6 is an explanatory view showing the detail of a Coils [ 9a~9f ] cross-section 
configuration. Although there are the 3rd configuration (coils 9a, 9c, and 9e) and the 4th configuration 
(coils 9b, 9d, and 9f) as a configuration of a coil, Coils 9a and 9b are explained as the representative, 
and since other coils 9c~9f are the same as that of this, the explanation is omitted. Here, since the 
3rd configuration and the 4th configuration turn into a symmetry configuration to the center line of 
the salient pole by which fitting is carried but, they are made into the thing of explanation which a 
sign is given to the line and point of one side of a salient pole, and is attached about the line and 
point of the opposite side of a salient pole for convenience at the same sign, and is expressed. 
[0050] First, coil 9a of the 3rd configuration is explained. Let the intersection of two bisectrices of 
the center line of salient pole 1a, and the center line of salient pole 1b, and the wall of a stator 1 be 
the temporary zero C. The temporary zero C and C are moved on the internal surface of a stator 1, 
and this is made into this zero C and C so that the distance D from this temporary zero C to the 
angle of the point of 1f of salient poles which adjoin on both sides of salient pole 1a, and the distance 
E to temporary zero C in the position of symmetry which sandwiched salient pole 1a may be 
measured and distance E may be in agreement with the shorter one among distance D and E. Next, 
the distance F from this zero C of this to the angle (angle of the distant one) of the point of salient 
pole 1a into which coil 9a fits The distance G by the intersection of straight-line i' which formed the 
predetermined path clearance delta 3 parallel to said straight line c (refer to drawing 2 ) which forms 
coil 2a, and the wall of a stator 1 is measured, and path clearance delta 3 is adjusted so that distance 
G may be in agreement with the longer one among distance F and G. thus — determining — having 
had — a straight line — i — ' — a stator — one — a wall — radii — j — ' — a book — a zero — C 
— 1 — a passage — a coil — two — f — constituting — said — a straight line — g (refer to drawing 
2 ) — being parallel — a straight line — k — ' — be alike — **** — surrounding — having — 
abbreviation — a triangle — ** — a field — the 3rd configuration — becoming . 
[0051] Next, coil 9b of the 4th configuration is explained. First, the intersection of straight-line Y 



which formed the predetermined path clearance delta 4 in said straightlme k which constitutes the 
3rd configuration, and the wall of a stator 1 is made into temporary zero hT (the temporary zero H is 
located in the opposite side of salient pole 1b). The distance J by the intersection of the distance I 
to the angle of the point of salient pole 1c which adjoins on both sides of this temporary zero H' to 
salient pole 1b, and the said straight line I and said straight line c which constitutes the 1st 
configuration and the straight line m which formed the predetermined path clearance delta 5 is 
measured, and path clearance delta 4 or delta 5 is adjusted so that distance J may be in agreement 
with the shorter one among distance I and J. And let the temporary zero H after adjustment, and H' 
be these zeros. Next the distance L by the intersection of the straight line n which formed the 
predetermined path clearance delta 6 in said straight line g which constitutes the distance K and the 
2nd configuration to the angle (angle of the distant one) of the point of salient pole 1b into which this 
zero hT to coil 9b fits, and the internal surface of a stator 1 is measured, and path clearance delta 6 
is adjusted so that distance L may be in agreement with the longer one among distance K and L 
Thus, the field of the abbreviation trapezoid configuration surrounded by the radii o of the inside of 
the determined straight lines n, m, and I and a stator 1 serves as the 4th configuration. 
[0052] Since the coils [ of the 3rd configuration and the 4th configuration / 9a-9f ] formation 
approach is the same as that of coil 2b of the 2nd configuration, and 2d, 2f and abbreviation, the 
explanation is omitted. However, drawing 4 (a) It is necessary to double with the die length of a 
salient pole the vertical direction of the mold 7 which can be set but to set it up for a long time by 
the thickness of the coil of the 1st configuration or the 2nd configuration. 

[0053] How the coil in the 2nd example should grapple here is explained referring to drawing 5 and 
drawing 6 . First coil 9a of the 3rd configuration is inserted in the interior of a stator 1, and the zero 
C side of coil 9a is inserted among salient poles 1a and 1b so that it may become the Hidari riser by 
drawing 5 . And insert coil 9a to the back so that Zero C may serve as a position, and it is made to 
rotate so that the right-hand side~of coil 9a may be raised by making this zero C into the center of 
rotation, and the zero C side of coil 9a is inserted among salient poles 1a and 1f. If it is the 3rd 
configuration where coil 9a explained by drawing 6 , at this time, it can insert easily, without 
interfering with the angle of an adjoining salient poles [ 1b and 1f ] point. Similarly, Coils 9c and 9e 
are also inserted. 

[0054] Next, coil 9b of the 4th configuration is attached. Before attaching coil 9b, coil 9c is once 
shifted to 1d side of salient poles in order to avoid interference with coil 9c of the 3rd already 
attached configuration. If the width of face to shift is die-length extent of the straight line I which 
constitutes coil 9b, it is sufficient for it. If coil 9c is shifted, coil 9b will be made into the level sense 
by a diagram, and it inserts among salient poles 1b and 1c, and the location of Zero H is doubled. And 
it is made to rotate so that the right-hand side of coil 9b may be raised, and H' side is put in among 
salient poles 1a and 1b. Also at this time, if it is the 4th configuration as coil 9b is explanation of 
drawing 6 , it can insert without hitting the angle of the point of the adjoining salient poles 1a and 1c. 
Next inserted coil 9b is shifted according to the location of coil 9c shifted at the beginning, and coil 
9a previously inserted in coincidence is also shifted in the direction of salient pole 1b according to 
coil 9b. Next 9f of coils is inserted in the same procedure as coil 9b, and coil 9e is shifted in the 
direction of 1f of salient poles. Finally, 9d of coils is attached. First Zero H is doubled, it is the same 
as that of Coils 9b and 9f until it makes it rotate, but since there is coil 9c shifted even if it makes it 
rotate as it is, it does not enter. Then, 9d of coils will once float from stator 1 internal surface, if it is 
made to rotate to the middle, and they are leveled in the range which does not hit salient poles 1c 
and 1e. In the condition, the location of the coil with which it has already inserted to Coils 9c-9e is 
returned to an original location, finally 9d of coils is lowered in parallel with 1d of salient poles, and it 
inserts among Coils 9c and 9e. The coil of the 3rd and 4th configurations is attached by the above 
actuation. 

[0055] Next, what is necessary is just to attach like the 1st example, since the coil of the 3rd and 4th 
configurations is made into the configuration in which it does not interfere with the coil of the 1st and 
2nd configurations although the coil of the 2nd configuration is attached and the coil of the 1st 
configuration is finally attached. Actuation is the same as that of SR motor of the conventional 
example and the 1 st example. However, the conventional example of drawing 7 becomes 1 29 times 
[ +5 / +1 15 / +19 ] (coil 2a) (coil 9a) (2d of coils) (9d of coils) = 268 times in this example, although 



the 1st example of 214 times and drawing 1 was 244 times, and as for tne count of a volume of a 
plane 1, 25% of increment in the count of a volume is achieved to the conventional example 10% to 
the 1st example. Therefore, since the amount of magnetic flux generated when the same current is 
passed to a phase, i.e., torque, can be increased, it becomes possible to generate the torque same 
also as a motor of smaller size. 

[0056] Moreover, in the 1st example, since the phase was formed with two coils with which number of 
turns differ and the coil of the same configuration became a group when a source resultant pulse 
number is even although a coil activity and installation are easy, only the case of the phase of odd 
pieces was applicable. However, in the 2nd example, the number of coils is four, it is possible to make 
the same the number of turns of each salient pole by some adjustments, and the coil of the coil 
which also prepared this example in salient pole 1a formed in 1d also corresponds by 134 times 134 
times as aforementioned. Therefore, the case of the phase of even pieces is sufficient and it can 
apply to any SR motors. 

[0057] As explained above, the coil of each phase of SR motor is divided into the coil with which two 
or more plurality differs in this invention. Instead, an assembly is actually possible by having 
considered as the configuration of optimizing the configuration of each coil, attaching one by one, and 
increasing the number of turns as a phase by finally connecting them. The torque which each phase 
generates can make high the rate that the line in the tooth space between salient poles occupies, 
though it is fixed. Therefore, since many coils can be coiled even if it makes a stator configuration 
small, the miniaturization of a motor, i.e., the miniaturization of an actuator, is attained. 
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TECHNICAL FIELD 

[Field of the Invention] Especially this invention relates to the technique which raises the space pulse 
duty factor of a coil about the coil structure and the coil formation approach of an electric motor. 
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PRIOR ART 



[Description of the Prior Art] There is for example, an SR motor as an example of the conventional 
electric motor. With SR motor, as shown in drawing 7 , the stator (stator) 10 which has the salient 
poles 10a~10f of the inner sense, and Rota (rotator) 11 which has the outward salient poles 11a-11d 
are arranged on the same axle, and Coils 12a-12f are coiled around the salient poles 10a-10f of a 
stator 10 about Here, the coil coiled about around two salient poles where a stator 10 counters is 
called a "phase", and, generally the coil of a phase is connected to the serial. Moreover, the number 
of the salient pole in Rota 11 and the salient poles of a stator 10 is set as even pieces which do not 
have ploidy mutually. That is, by SR motor of drawing 7 , the number of the salient poles of four and a 
stator 10 is [ the number of the salient poles in Rota 11] six. 

[0003] And a current is passed to the phase of a stator 10, magnetic flux is generated, and torque 
occurs by drawing the salient pole in Rota 1 1 of the near. Under the present circumstances, if salient 
poles with a stator 10 and Rota 11 counter, and the gap has arisen in other salient poles, the salient 
pole serially shifted is chosen and it energizes to that phase, it will be continuously drawn by the 
salient pole in Rota 11, and Rota 11 can be rotated. The torque generated on SR motor changes 
according to the relative position of Rota 1 1 and a stator 10, and the current value supplied to a 
phase and the number of turns of the coil coiled around a salient pole about. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since it constituted from two or more coils with which the coil which forms 
a phase is coiled and configurations differ according to invention according to claim 1 or 13 as 
explained above, by optimizing the volume configuration of each coil, the rate (space pulse duty 
factor) that the coil in the space between the end face sections of the salient pole formed in the 
stator occupies becomes high, and the number of coils as a phase increases. Therefore, since the 
magnetic flux generated in a phase becomes large when a fixed current is passed to a phase, the 
force which draws the salient pole in Rota, i.e., torque, becomes large, and, in the case of the electric 
motor of ** outside the same, in the case of increase of an output torque, or the electric motor of a 
fixed output, a miniaturization can be attained. For example, when using an electric motor for control 
of an actuator, a miniaturization and lightweightHzing of an actuator can be promoted. 
[0022] According to invention according to claim 2, by coiling about the coil with which number of 
turns differ in an adjoining salient pole, respectively, when a phase is odd pieces, since the sum total 
number of turns of the coil of each phase become equal, the output characteristics of an electric 
motor can be smoothed. According to invention according to claim 3, it becomes possible to coil 
many coils about by the space between the end face sections of the salient pole of a stator. 
[0023] According to invention according to claim 4, the 1st easy configuration and the 2nd easy 
configuration without interference with an adjoining salient pole and an adjoining coil can be specified, 
increasing efficiently the number of turns of the coil in each phase. Therefore, since the coil of the 
1st configuration and the 2nd configuration can be formed easily, the balance of the engine 
performance of an electric motor and cost can be reconciled at a high dimension. 
[0024] Structure of an electric motor can be simplified making the number of phases into a three 
phase circuit, and generating 6, then practical torque for the number of the salient poles of a stator 
according to invention according to claim 5. Therefore, improvement can be aimed at for the balance 
of the engine performance of an electric motor, and cost. According to invention according to claim 6, 
by combining three or more kinds of coils, since the number of turns of the coil coiled around each 
salient pole of a stator about become the same, this invention is applicable also to the electric motor 
which has the number of what kind of phases. That is, the number of phases is applicable [ the 
number not only of odd things but phases / at least even things ]. 

[0025] Since the phase was constituted from four kinds of coils with which number of turns differ 
according to invention according to claim 7, many coils will be coiled about by the space between the 
end face sections of a salient pole compared with the electric motor which consists of coils of the 
1st configuration and the 2nd configuration. Therefore, when an output torque can be increased more 
when ** is made the same outside an electric motor, and the output torque of an electric motor is 
made the same, the outside ** can be miniaturized more. 

[0026] According to invention according to claim 8, after being able to form the coil of the 1st 
configuration and the 2nd configuration easily and attaching the coil of the 2nd configuration in a 
salient pole, compared with the electric motor of a conventional type, the number of turns of a coil 
can be efficiently increased by attaching the coil of the 1st configuration in a salient pole, preventing 
a mutual intervention with an adjoining coil and an adjoining salient pole. According to invention 
according to claim 9, since the coil of the 1st configuration is formed using an easy coil mold, 
manufacture of a coil can be automated and cost reduction can be planned. 
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[0027] Since the coil coilea around the coil mold of the 1st configuration about is fitted into the 
salient pole of a stator with a coil mold according to invention according to claim 10, form collapse of 
the coil of the 1st configuration is prevented by the coil mold. It becomes unnecessary moreover, to 
take into consideration the insulation with the coil of the 1st configuration, and the salient pole of a 
stator. According to invention according to claim 11, since the coil of the 2nd configuration is formed 
using an easy coil mold, manufacture of a coil can be automated and cost reduction can be planned. 
[0028] Since the coil coiled around the coil mold of the 2nd configuration about is fitted into the 
salient pole of a stator with a coil mold according to invention according to claim 12, form collapse of 
the coil of the 2nd configuration is prevented by the coil mold. It becomes unnecessary moreover, to 
take into consideration the insulation with the coil of the 2nd configuration, and the salient pole of a 
stator. 
[0029] 

[Embodiment of the Invention] Hereafter, with reference to the attached drawing, this invention is 
explained in full detail. First, the principle of this invention is explained. In order that electric motors, 
such as SR motor, may pass a current to the phase which consists of a coil coiled about around the 
salient pole where a stator counters, the magnetic flux produced with both coils is united in a phase, 
and by this magnetic flux, they draw the salient pole in Rota and generate torque. 
[0030] That is, the magnetic flux generated with the coil coiled around each salient pole of a stator 
about does not necessarily need to be the same, the magnetic flux generated as each phase will be 
the same respectively, and it will ****. Therefore, this invention divided the coil of each phase into 
the coil of two or more different configurations (number of turns), by optimizing each coil in the 
configuration which does not have others and interference at the time of the attachment, makes the 
number of turns of the coil in each phase increase compared with the electric motor of a 
conventional type, and promoted increase of the output torque of an electric motor, or the 
miniaturization of an electric motor. 

[0031] As a concrete example of this invention which realized such technical thought, the 1st 
example and the 2nd example which are described below are explained. Drawing 1 shows the 1st 
example of the coil structure of the electric motor concerning this invention, and expresses the 
sectional view in a flat surface perpendicular to the revolving shaft of SR motor at the time of setting 
3 (it being the number of salient poles of a stator 6), and the number of salient poles of Rota to 4 for 
a source resultant pulse number. 

[0032] Six salient poles 1a-1f of the inner sense are formed in the stator (stator) 1 for 60 degrees of 
every abbreviation to the medial axis. These salient poles 1a-1f serve as an abbreviation rectangle 
configuration which had predetermined die length in the shaft orientations (perpendicular direction 
[ as opposed to / Namely, / space ]) of a stator 1, and Coils 2a~2f are coiled about to salient poles 
[ 1a-1f ] each. Here, as for Coils 2a, 2c, and 2e, the cross-section configuration is an abbreviation 
rectangle configuration (this configuration is hereafter called "1st configuration"), and the cross- 
section configuration is an abbreviation trapezoid configuration coil 2b and 2d and 2f (this 
configuration is hereafter called "2nd configuration"). In addition, the detail of the 1st configuration 
and the 2nd configuration is mentioned later. And Komaru in drawing expresses the cross section of a 
coil, and Komaru's number of one half which form each coil serves as number of turns of a coil. 
[0033] Moreover, it connects with a serial, respectively and 2a, 2d, and 2b and 2f [ 2e 2c, and ] form 
the phase in two coils and concrete target which counter. Here, since the number of phases is odd 
(3), the coil of the 1st configuration and the 2nd configuration where configurations differ serves as a 
pair, and forms a phase. When a current is passed to the phase which both the coils that form this 
phase are connected to the serial so that magnetic flux may be generated in this direction, for 
example, consists of coils 2a and 2d, as for 2d of coils, coil 2a will generate magnetic flux toward the 
direction of a core of a stator 1 (arrow head B), supposing magnetic flux occurs toward the direction 
of a periphery of a stator 1 (arrow head A). A paraphrase connects Coils 2a and 2d to the serial so 
that a current may flow toward the near side of space on salient poles [1a and 1d ] left-hand side 
and a current may flow toward the other side of space on salient poles [1a and 1d ] right-hand side. 
[0034] Inside the stator 1, Rota (rotator) 3 is arranged on the same axle, and four outward salient 
poles 3a-3d are formed in Rota 3 for 90 degrees of every abbreviation to the medial axis in it. And 
the shaft 4 for taking out torque through rotation of Rota 3 is formed in the medial axis of Rota 3. 



Drawing 2 is an explanatory view showing the detail of a Coils [ 2a~2f Jcross-section configuration. 
[0035] Although there are the 1st configuration (coils 2a, 2c T and 2e) and the 2nd configuration (coil 
2b, 2d, 2f) as a configuration of a coil, coil 2a and 2b are explained as the representative, and since 
other coils 2c~2f are the same as that of this, the explanation is omitted. When coil 2a of the 1st 
configuration is explained, first, the 1st configuration Are parallel to Radii b (the 1st radii) and the 
straight line a showing the inner skin of the straight line a showing one side face of salient pole 1a 
(the 1st straight line), and a stator 1. and it is formed in the field which is perpendicular to the 
straight line c (the 2nd straight line) and straight line c which have the predetermined path clearance 
delta 1 to the straight line which passes along the angle of the point of adjoining salient pole 1b, and 
comes out with the straight line d (the 3rd straight line) which passes along the angle of the point of 
salient pole 1a, or the attachment point of coil 2a, and is surrounded. It opts for path clearance delta 

1 in consideration of the swelling and dispersion at the time of formation of coil 2a, and is made for 
coil 2b and interference which are mentioned later not to produce it here. 

[0036] When coil 2b of the 2nd configuration is explained, next, the 2nd configuration Are parallel to 
Radii f (the 2nd radii) and the straight line e showing the inner skin of the straight line e showing one 
side face of salient pole 1b (the 4th straight line), and a stator 1. and it is formed in the field which is 
parallel to the straight line g (the 5th straight line) which has the predetermined path clearance delta 

2 to the straight line which passes along the angle of the point of adjoining salient pole 1a, and said 
straight line c, and comes out with the straight line h (the 6th straight line) which passes along the 
angle of the point of salient pole lb, or the attachment point of coil 2b, and is surrounded. In addition, 
how to form path clearance delta 2 is the same as that of the path clearance delta 1 of the 1st 
configuration. 

[0037] Drawing 3 is a mimetic diagram showing the formation approach of the coil (2a, 2c, 2e) of the 
1st configuration. Here, only the formation approach of the expedient top of explanation and coil 2a is 
explained. That is, coil 2a is drawing 3 (a). It forms using the coil mold 5 as shown. This coil mold 5 is 
constituted by the quadrisected coil molds 5a-5d, and that cross-section configuration has the cross 
section of the shape of a typeface of KO (the so-called channel configuration). The cross-section 
configuration of the coil mold 5 is drawing 3 (b). The part in which end side 6b is equivalent to said 
straight line d (or the radii b), other end side 6c is equivalent to said radii b (or the straight line d) at 
said straight line a, and base 6a is equivalent to said straight line c is adjusted with the number of 
layers of coil 2a rolled and piled up so that it may be shown (refer to drawing 2 ). 
[0038] Generally, when rolling and piling up coil 2a, it is drawing 3 (b). The rate (space pulse duty 
factor) that will be most stabilized like if the following coil is coiled and piled up in the center of two 
lower coils, and the line to space occupies also becomes high. Then, spacing (width of face) which the 
end faces 6b and 6c of the coil mold 5 make is doubled with the size of the number-of-turns x line of 
the lowest layer, like the again same number of turns as the lowest layer, it winds and number of 
turns [ once ] smaller than the 1st layer and the 3rd layer put it on these number of turns and a two- 
layer eye at the lowest layer. Coil 2a which has the abbreviation rectangular section of the 1st 
configuration according to this activity is completed. If it finishes winding, coil 2a will be hardened 
with a varnish etc., and the coil molds 5a-5d are divided and removed after that In addition, when 
rolling and piling up coil 2a, for example, since the line of the edge of the 3rd layer fell to the two- 
layer eye after end-face 6b or 6c of the coil mold 5 escaped, the coil mold 5 (5a-5d) should have 
only the rigidity which bears it. 

[0039] in addition, the thing of the mere type which can be removed after coil activity termination 
with the configuration which can be divided as shown in drawing of role is sufficient as the coil mold 5 
used here — carrying out — the coil mold 5 — the thing of the role of the bobbin which forms a-5d 
in one, and is attached in a stator 1 with coil 2a may be used. Only in the case of the role of a mold, 
the cost of SR motor becomes cheap, and also (there is little need number of a mo|d) since the tooth 
space of a bobbin is unnecessary, there is a merit, like much coil 2a can be rolled. On the other hand, 
in the case of a bobbin, although it is necessary to create ** according to said straight lines a, c, and 
d and Radii d (to refer to drawing 2 ) outside a bobbin, there is a merit of coil 2a not considering form 
collapse separately to a lifting at the time of bobbin attachment about the insulation between a pile, a 
stator 1, and coil 2a. Therefore, which is adopted should just choose in consideration of the military 
requirements (an output torque, outside **, etc.) of SR motor. 



[0040] Drawing 4 is a mimetic diagram showing the formation approach of the coil (2b f 2d, 2f) of the 
2nd configuration. Here, only the formation approach of the expedient top of explanation and coil 2b 
is explained. That is, coil 2b is drawing 4 (a). It forms using the coil mold 7 as shown. Like [ this coil 
mold 7 ] the coil mold 5 (refer to drawing 3 ) of the 1st configuration, it is constituted by the 
quadrisected coil molds 7a-7d, and that cross-section configuration has the cross section of the 
shape of a typeface of KO with one short side face (close to the so-called angle-type configuration). 
As the cross-section configuration of the coil mold 7 is shown in drawing 7 (b), the part in which end 
side 8b with short height is equivalent to the intersection of said straight line e and straight line h, 
other end side 8c is equivalent to said radii f at said straight line e, and base 8a is equivalent to said 
straight line g is adjusted with the number of layers of coil 2b rolled and piled up (refer to drawing 2 ). 

[0041] By the way, coil 2b of the 2nd configuration is that (that is, the straight line h leans) from 
which said straight line h and straight line e do not serve as an abbreviation right angle unlike coil 2a 
of the 1st configuration, and the number of turns of coil 2b must be rolled, reducing so that it 
becomes the upper layer. Also in this case, although the following coil is coiled and piled up in the 
center of two lower coils like coil 2a of the 1st configuration, it is drawing 4 (b). Like, the lowest layer 
and a two-layer eye are the same as coih2a of the 1st configuration, with the same number of turns 
as a two-layer eye, the 3rd layer is 1 **** carried out, and is rolled, and the 4th layer rolls number of 
turns [ once ] smaller than the 3rd layer. Thus, when it reduces number of turns one roll at a time for 
two-layer [ every ], it is drawing 4 (b). An inclined plane [ like ] is formed and the tilt angle serves as 
60 degrees of abbreviation. In this example, since a phase is three (the number of salient poles of a 
stator 1 is 6), if coil 2b of the 2nd configuration is rolled as mentioned above, the required tilt angle of 
60 degrees can be formed easily. 

[0042] Moreover, if it reduces twice and winds by the two-layer eye, a tilt angle will serve as 30 
degrees of abbreviation. Then, drawing 4 (c) Like, it considers as the decrease (30 degrees) of two 
two-layer eyes, the 3rd layer 1-time decrease (30 degrees), the 4th layer 2 times decrease (30 
degrees), and a 5th layer 1-time decrease (30 degrees), and the 6th layer will be made to the include 
angle of 36 degrees of abbreviation on the average, if the way of reducing called a 1-time decrease 
(60 degrees) be adopted. This include angle is applicable to slant-face formation of SR motor of five 
phases (the number of salient poles of a stator 1 is 10) (since a phase serves as even number with 
six phases, an every 30 degrees thing cannot be used). 

[0043] In addition, although it can use for a mold and a bobbin, when using for a mold, even if the coil 
mold 7 (7a-7d) of the character cross-section configuration of KO with one short side face in which 
it explained here has the the same die length of the character of the same KO as the 1st 
configuration, it does not interfere. Moreover, although two configurations (the 1st configuration and 
the 2nd configuration) shown here are formed in the abbreviation rectangle and the abbreviation 
trapezoid in consideration of the ease of a coil activity, they may coil a coil around the salient poles 
[ of a stator 1 / 1a-1f ] end face section (said near radii b and f) further. 

[0044] furthermore, drawing 3 (b) one — a side face — six — b (or 6c) — an outside — curving — 
making — reverse — curvature — a configuration — winding — if — drawing 2 — it can set — said 

— a straight line — d — a salient pole — one — a — inner skin — one — a — ' — having extended 

— radii — d — 9 — ** — carrying out — things — being possible . In this case, more coils can be 
coiled. The assembly of SR motor is explained only attachment of a coil referring to drawing 1 here, 
although carried out. in order of attachment and connection of a coil, installation of Rota, and cap 
installation of both ends. 

[0045] First, coil 2b of the 2nd configuration and 2d and 2f are attached to the salient poles 1b, 1d, 
and 1f of a stator 1. Coil 2b is inserted in the inside of a stator 1, and it fits into salient pole 1b. 
Since it is formed so that it may not interfere with the angle of the point of the salient poles 1a and 
1c which adjoin by the straight line g (refer to drawing 2 ) as the peripheral face of coil 2b was 
mentioned above at this time, any failure cannot be found and it can fit into salient pole 1b. Similarly, 
Coils 2d and 2f are also attached. 

[0046] Next, the coils 2a, 2c, and 2e of the 1st configuration are attached to the salient poles 1a, 1c, 
and 1e of a stator 1. Like coil 2b of the 2nd configuration, and 2d and 2f, coil 2a is inserted inside a 
stator 1, and it fits into salient pole 1a. Since coil 2b and the 2f straightHine h part which are formed 



according to the straight line c (refer to drawing 2 ) as the peripheral face of coil 1a was mentioned 
above at this time, and adjoin separate a straight line c and the predetermined path clearance delta 1 
and are formed, any failure does not have them and they can fit into salient pole 1a. Similarly, Coils 
2c and 2e are also attached. 

[0047] If all the coils 2a-2f are attached, Coils 2a-2f are fixed. Although there are various kinds of 
approaches among the fixed approaches of a coil, if the angle of the point of a salient pole prescribes 
said straight lines d and h and adhesion and a coil tip location will prescribe, the approach of putting a 
plate between a point etc. can be used. Actuation of SR motor which consists of a configuration of 
having explained above is the same as that of SR motor of a conventional type. However, when the 
coil of each salient pole is coiled as the same configuration, salient poles [ which were formed in the 
stator 10 / 10a-l0f ] near the end face section, much space which is not used exists like drawing 7 , 
and there are few number of turns of a coil. The number of turns (the number of Komaru of a 
sectional view) of a plane 1 are actually 107(time/coil) x2=214 time in this drawing. On the other 
hand, the number of turns of the plane 1 in SR motor of this invention are 129 times [ +115 ] = 244 
times (refer to drawing 1 ), and there are more number of turns of a coil clearly than drawing 7 . 
Therefore, since the amount of magnetic flux generated when the same current value is passed to a 
phase, i.e., torque, can be increased, it becomes possible to generate the torque same also as a 
motor of smaller size. 

[0048] Drawing 5 is what showed the 2nd example of the coil structure of the electric motor 
concerning this invention, and adds a coil to the space which is not used in the 1st example further. 
A coil consists of four coils per plane 1. That is, the phase which Coils 9b, 9d, and 9f are added to the 
coils 9a, 9c, and 9e of the 3rd configuration and salient poles 1b, 1d, and 1f to salient poles 1a, 1c, 
and 1e, for example, consists of salient poles 1a and 1d consists of coils 2a and 9a (salient pole 1a) 
and coils 2d and 9d (1d of salient poles). In addition, the same is said of the phase which consists of 
salient poles 1b and 1e and salient poles 1c and 1f. 

[0049] Drawing 6 is an explanatory view showing the detail of a Coils [ 9a-9f ] cross-section 
configuration. Although there are the 3rd configuration (coils 9a, 9c, and 9e) and the 4th configuration 
(coils 9b, 9d, and 9f) as a configuration of a coil, Coils 9a and 9b are explained as the representative, 
and since other coils 9c-9f are the same as that of this, the explanation is omitted. Here, since the 
3rd configuration and the 4th configuration turn into a symmetry configuration to the center line of 
the salient pole by which fitting is carried out, they are made into the thing of explanation which a 
sign is given to the line and point of one side of a salient pole, and "'" is attached about the line and 
point of the opposite side of a salient pole for convenience at the same sign, and is expressed. 
[0050] First, coil 9a of the 3rd configuration is explained. Let the intersection of two bisectrices of 
the center line of salient pole 1a, and the center line of salient pole 1b, and the wall of a stator 1 be 
the temporary zero C. The temporary zero C and C f are moved on the internal surface of a stator 1, 
and this is made into this zero C and C so that the distance D from this temporary zero C to the 
angle of the point of 1f of salient poles which adjoin on both sides of salient pole 1a, and the distance 
E to temporary zero C in the position of symmetry which sandwiched salient pole 1a may be 
measured and distance E may be in agreement with the shorter one among distance D and E. Next, 
the distance F from this zero C of this to the angle (angle of the distant one) of the point of salient 
pole 1a into which coil 9a fits The distance G by the intersection of straight-line i f which formed the 
predetermined path clearance delta 3 parallel to said straight line c (refer to drawing 2 ) which forms 
coil 2a, and the wall of a stator 1 is measured, and path clearance delta 3 is adjusted so that distance 
G may be in agreement with the longer one among distance F and G. thus — determining — having 
had — a straight line — i — 1 — a stator — one ■ — a wall — radii — j — ' — a book — a zero — C 
— ' — a passage — a coil — two — f — constituting — said — a straight line — g (refer to drawing 
2 ) — being parallel — a straight line — k — ' — be alike — **** — surrounding — having — 
abbreviation — a triangle — ** — a field — the 3rd configuration — becoming . 
[0051] Next, coil 9b of the 4th configuration is explained. First, the intersection of straight-line I' 
which formed the predetermined path clearance delta 4 in said straight line k which constitutes the 
3rd configuration, and the wall of a stator 1 is made into temporary zero H' (the temporary zero H is 
located in the opposite side of salient pole 1b). The distance J by the intersection of the distance I 
to the angle of the point of salient pole 1c which adjoins on both sides of this temporary zero H' to 



salient pole 1b, and the said straight line I and said straight line c which constitutes the 1st 
configuration and the straight line m which formed the predetermined path clearance delta 5 is 
measured, and path clearance delta 4 or delta 5 is adjusted so that distance J may be in agreement 
with the shorter one among distance I and J. And let the temporary zero H after adjustment, and H' 
be these zeros. Next, the distance L by the intersection of the straight line n which formed the 
predetermined path clearance delta 6 in said straight line g which constitutes the distance K and the 
2nd configuration to the angle (angle of the distant one) of the point of salient pole 1b into which this 
zero H' to coil 9b fits, and the internal surface of a stator 1 is measured, and path clearance delta 6 
is adjusted so that distance L may be in agreement with the longer one among distance K and L 
Thus, the field of the abbreviation trapezoid configuration surrounded by the radii o of the inside of 
the determined straight lines n, m, and I and a stator 1 serves as the 4th configuration. 
[0052] Since the coils [ of the 3rd configuration and the 4th configuration / 9a-9f ] formation 
approach is the same as that of coil 2b of the 2nd configuration, and 2d, 2f and abbreviation, the 
explanation is omitted. However, drawing 4 (a) It is necessary to double with the die length of a 
salient pole the vertical direction of the mold 7 which can be set, but to set it up for a long time by 
the thickness of the coil of the 1st configuration or the 2nd configuration. 

[0053] How the coil in the 2nd example should grapple here is explained referring to drawing 5 and 
drawing 6 . First, coil 9a of the 3rd configuration is inserted in the interior of a stator 1, and the zero 
C side of coil 9a is inserted among salient poles 1a and 1b so that it may become the Hidari riser by 
drawing 5 . And insert coil 9a to the back so that Zero C may serve as a position, and it is made to 
rotate so that the right-hand side of coil 9a may be raised by making this zero C into the center of 
rotation, and the zero C side of coil 9a is inserted among salient poles 1a and 1f. If it is the 3rd 
configuration where coil 9a explained by drawing 6 , at this time, it can insert easily, without 
interfering with the angle of an adjoining salient poles [ 1b and 1f ] point. Similarly, Coils 9c and 9e 
are also inserted. 

[0054] Next, coil 9b of the 4th configuration is attached. Before attaching coil 9b, coil 9c is once 
shifted to 1d side of salient poles in order to avoid interference with coil 9c of the 3rd already 
attached configuration. If the width of face to shift is die-length extent of the straight line I which 
constitutes coil 9b, it is sufficient for it. If coil 9c is shifted, coil 9b will be made into the level sense 
by a diagram, and it inserts among salient poles 1b and 1c, and the location of Zero H is doubled. And 
it is made to rotate so that the right-hand side of coil 9b may be raised, and H' side is put in among 
salient poles 1a and 1b. Also at this time, if it is the 4th configuration as coil 9b is explanation of 
drawing 6 , it can insert, without hitting the angle of the point of the adjoining salient poles 1a and 1c. 
Next, inserted coil 9b is shifted according to the location of coil 9c shifted at the beginning, and coil 
9a previously inserted in coincidence is also shifted in the direction of salient pole 1b according to 
coil 9b. Next, 9f of coils is inserted in the same procedure as coil 9b, and coil 9e is shifted in the 
direction of 1f of salient poles. Finally, 9d of coils is attached. First, Zero H is doubled, it is the same 
as that of Coils 9b and 9f until it makes it rotate, but since there is coil 9c shifted even if it makes it 
rotate as it is, it does not enter. Then, 9d of coils will once float from stator 1 internal surface, if it is 
made to rotate to the middle, and they are leveled in the range which does not hit salient poles 1c 
and 1e. In the condition, the location of the coil with which it has already inserted to Coils 9c-9e is 
returned to an original location, finally 9d of coils is lowered in parallel with 1d of salient poles, and it 
inserts among Coils 9c and 9e. The coil of the 3rd and 4th configurations is attached by the above 
actuation. 

[0055] Next, what is necessary is just to attach like the 1st example, since the coil of the 3rd and 4th 
configurations is made into the configuration in which it does not interfere with the coil of the 1st and 
2nd configurations although the coil of the 2nd configuration is attached and the coil of the 1st 
configuration is finally attached. Actuation is the same as that of SR motor of the conventional 
example and the 1st example. However, the conventional example of drawing 7 becomes 129 times 
[ +5 / +1 15 / +19 ] (coil 2a) (coil 9a) (2d of coils) (9d of coils) = 268 times in this example, although 
the 1st example of 214 times and drawing 1 was 244 times, and as for the count of a volume of a 
plane 1, 25% of increment in the count of a volume is achieved to the conventional example 10% to 
the 1st example. Therefore, since the amount of magnetic flux generated when the same current is 
passed to a phase, i.e., torque, can be increased, it becomes possible to generate the torque same 



also as a motor of smaller size. 

[0056] Moreover, in the 1st example, since the phase was formed with two coils with which number of 
turns differ and the coil of the same configuration became a group when a source resultant pulse 
number is even although a coil activity and installation are easy, only the case of the phase of odd 
pieces was applicable. However, in the 2nd example, the number of coils is four, it is possible to make 
the same the number of turns of each salient pole by some adjustments, and the coil of the coil 
which also prepared this example in salient pole 1a formed in 1d also corresponds by 134 times 134 
times as aforementioned. Therefore, the case of the phase of even pieces is sufficient and it can 
apply to any SR motors. 

[0057] As explained above, the coil of each phase of SR motor is divided into the coil with which two 
or more plurality differs in this invention. Instead, an assembly is actually possible by having 
considered as the configuration of optimizing the configuration of each coil, attaching one by one, and 
increasing the number of turns as a phase by finally connecting them. The torque which each phase 
generates can make high the rate that the line in the tooth space between salient poles occupies, 
though it is fixed. Therefore, since many coils can be coiled even if it makes a stator configuration 
small, the miniaturization of a motor, i.e., the miniaturization of an actuator, is attained. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when SR motor is small, among stators 10, using 
a winding machine etc., since direct volume Lycium chinense was difficult, in the actual production 
process, the coil was beforehand coiled around the salient poles 10a-10f of the sense for the coil 
according to the salient pole configuration, and this is fitted into them in the salient pole. In this case, 
since the point of the salient pole of a stator 10 has small spacing with the salient pole which adjoins 
compared with the end face section as shown in drawing 7 , the inlet-port section for fitting in a coil 
is narrow, and although spacing of the salient poles of the end face section of a stator 10 is large, if a 
production process is taken into consideration, the problem that the number of turns of the coil 
coiled around a salient pole about cannot be made [ many ] will arise. 

[0005] Therefore, since many building envelopes which are not used exist when using SR motor of a 
conventional type as a motor which controls for example, a dynamo-electric brake actuator etc., in 
order to acquire torque required for control, such as a dynamo-electric brake actuator, the big motor 
of an appearance will be used. That is, since four SR motors were needed in the case of the dynamo- 
electric brake actuator and one motor could not be miniaturized, there was a trouble that 
miniaturization and lightweight-ization of the whole dynamo-electric brake actuator could not be 
performed. 

[0006] Then, this invention aims at offering the coil structure and the coil formation approach of an 
electric motor of having attained the miniaturization by raising the space pulse duty factor of the coil 
in an electric motor in view of the above conventional troubles. 
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MEANS 

[Means for Solving the Problem] For this reason, the stator in which the salient pole of plurality 
[ invention / according to claim 1 / direction / of inner circumference ] was formed at abbreviation 
regular intervals, In the coil coiled around each salient pole of this stator about, and the inner 
circumference section of said stator, and Rota in which the salient pole of the direction of a 
periphery arranged on the same axle was formed, It consisted of ****** and the coil which forms 
said phase consisted of two or more coils with which volume configurations differ in the electric 
motor with which the coil coiled about around the salient pole where said stator counters is 
connected to a serial, and one phase is formed. 

[0008] If it is made the electric motor of such a configuration, in order to pass a current to the phase 
which consists of a coil coiled about around the salient pole where a stator counters, the magnetic 
flux produced with both coils is united in a phase, by this magnetic flux, the salient pole in Rota is 
drawn and torque is generated. Therefore, when the number of turns of the coil in each phase 
increase compared with the electric motor of a configuration conventionally and a fixed current is 
passed to a phase by optimizing the volume configuration of the coil coiled around each salient pole 
of a stator about, the magnetic flux generated as a phase will increase compared with the former. 
[0009] If invention according to claim 2 had the number of said phases in odd electric motors, said 
phase consisted of coils which are two kinds from which number of turns differ, and was considered 
as the configuration around which the coil with which number of turns differ, respectively is coiled 
about in the adjoining salient pole formed in said stator. If it does in this way, when the number of 
phases will be odd, by considering as the configuration which coils about the coil with which number 
of turns differ in an adjoining salient pole, respectively, the sum total number of turns of the coil of 
each phase become equal, and the output characteristics of an electric motor become smooth. 
[0010] the coil of the 2nd configuration which invention according to claim 3 coiled the coil which is 
two kinds from which said number of turns differ around the salient pole and the noninterfering 
configuration where the coil of the 1st configuration rolled and formed in the adjoining salient pole 
and noninterfering configuration at the time of the attachment to the salient pole formed in said 
stator, the coil of this 1st configuration, and the coil of the 1st configuration are attached, and was 
formed — since — it constituted. Many coils will be coiled about by the space between the end face 
sections of a salient pole, preventing interference with an adjoining salient pole and an adjoining coil, 
if it does in this way. 

[0011] Invention according to claim 4 is parallel to the 1st straight line showing one side face of a 
self-salient pole in which the coil of said 1st configuration is attached in the coil of this 1st 
configuration, the 1st radii showing the inner skin of said stator, and said 1st straight line. And are 
perpendicular to the angle of the point of the salient pole of the adjoining stator, the 2nd straight line 
which prepared predetermined path clearance, and said 1st straight line. And the 3rd straight line 
which passes along the point of the direction of a stator periphery from the angle of the point of said 
self-salient pole, Are parallel to the 4th straight line showing one side face of a self-salient pole in 
which come out, form in the field of the abbreviation rectangle configuration constituted, and the coil 
of said 2nd configuration is attached in the coil of this 2nd configuration, the 2nd radii showing the 
inner skin of said stator, and said 4th straight line. And are parallel to one side face of the angle of 
the point of the salient pole of the adjoining stator, the 5th straight line which prepared 



predetermined path clearance, and the adjoining salient pole formed in the stator. and it considered 
as the configuration formed in the field of the abbreviation trapezoid configuration which comes out 
with the 6th straight line which passes along the point of the direction of a stator periphery, and 
consists of angles of the point of a self-salient pole. 

[0012] If it does in this way, the coil of the 1st configuration and the 2nd configuration will serve as 
an adjoining coil and an adjoining salient pole, and a configuration without a mutual intervention, in 
case a coil is attached in a salient pole. Invention according to claim 5 made the number of said 
phases the three phase circuit. Structure becomes easy, generating practical torque, since the 
salient pole of a stator is set to six, if it does in this way. 

[0013] Invention according to claim 6 constituted said phase from three or more kinds of coils with 
which number of turns differ, and it constituted it combining said coil so that the number of turns of 
the coil coiled around each salient pole of said stator about might become the same. If it does in this 
way, the number of turns of the coil coiled around each salient pole of a stator about will become the 
same by combining three or more kinds of coils. 

[0014] If invention according to claim 7 has said phase in the electric motor which consists of coils 
which are four kinds from which number of turns differ The coil of the 1st configuration which coiled 
said four kinds of coils around the salient pole and noninterfering configuration which adjoin at the 
time of the attachment to the salient pole formed in said stator, and was formed, The coil of the 2nd 
configuration rolled and formed in the salient pole and the noninterfering configuration where the coil 
of this 1st configuration and the coil of the 1st configuration are attached, The coil of the 3rd 
configuration rolled and formed in the angle and noninterfering configuration of a point of a salient 
pole which are wound around the perimeter of the coil of said 1st configuration about, and adjoin at 
the time of the attachment, the coil of the 4th configuration rolled and formed in the angle and 
noninterfering configuration of a point of a salient pole which are wound around the perimeter of the 
coil of said 2nd configuration about, and adjoin at the time of the attachment — since — it 
constituted. 

[0015] Many coils will be coiled about by the space between the end face sections of a salient pole if 
it does in this way. The stator in which the salient pole of plurality [ invention / according to claim 
8 / direction / of inner circumference ] was formed at abbreviation regular intervals, In the coil coiled 
around each salient pole of this stator about, and the inner circumference section of said stator, and 
Rota in which the salient pole of the direction of a periphery arranged on the same axle was formed, 
While consisting of ******, connecting to a serial the coil coiled about around the salient pole where 
said stator counters and forming one phase, when the number of said phases is odd In the electric 
motor which constitutes the coil which forms this phase from a coil of the 1st configuration with 
which the shape of the former differs from number of turns, and a coil of the 2nd configuration Are 
parallel to the 1st straight line showing one side face of a self-salient pole in which the coil of said 
1st configuration is attached in the coil of this 1st configuration, the 1st radii showing the inner skin 
of said stator, and said 1st straight line. And are perpendicular to the angle of the point of the salient 
pole of the adjoining stator, the 2nd straight line which prepared predetermined path clearance, and 
said 1st straight line. And the 3rd straight line which passes along the point of the direction of a 
stator periphery from the angle of the point of said self-salient pole, Are parallel to the 4th straight 
line showing one side face of a self-salient pole in which come out, wind and form in the field of the 
abbreviation rectangle configuration constituted, and the coil of said 2nd configuration is attached in 
the coil of this 2nd configuration, the 2nd radii showing the inner skin of said stator, and said 4th 
straight line. And are parallel to one side face of the angle of the point of the salient pole of the 
adjoining stator, the 5th straight line which prepared predetermined path clearance, and the adjoining 
salient pole formed in the stator. and it wound and formed in the field of the abbreviation trapezoid 
configuration which comes out with the 6th straight line which passes along the point of the direction 
of a stator periphery, and consists of angles of the point of a self-salient pole. 
[0016] When making it the formation approach of such a coil, and the number of turns of a coil 
increase compared with the electric motor of a conventional type and a fixed current is passed to a 
phase by attaching the coil of the 1st configuration in a salient pole, preventing a mutual intervention 
with an adjoining coil and an adjoining salient pole after attaching the coil of the 2nd configuration in a 
salient pole, the magnetic flux generated as a phase increases. After invention according to claim 9 
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coiled and carried out the time of the line from said coil type of the lowest layer one by one to the 
height specified in said 2nd straight line in the coil of said 1st configuration using the coil mold which 
specified said 1st straight line, the 1st radii, and the 3rd straight line and formed the 1st 
configuration, it fixed this 1st configuration, and removed and formed said coil mold. 
[0017] If it does in this way, the coil of the 1st configuration will be easily formed using the coil mold 
of an easy configuration. Invention according to claim 10 fitted into the salient pole of said stator with 
the coil around which the coil mold of said 1st configuration was wound about by this coil mold. If it 
does in this way, form collapse of the coil of the 1st configuration will be prevented by the coil mold. 
[0018] Invention according to claim 11 doubling a roll edge with said 6th straight line to the height 
specified in said 5th straight line in the coil of said 2nd configuration using the coil mold which 
specified the intersection of said 4th straight line, the 2nd radii and the 4th straight line, and the 6th 
straight line After coiling and carrying out the time of the line one by one from said coil type of the 
lowest layer and forming the 2nd configuration, this 2nd configuration was fixed, and said coil mold 
was removed and formed. 

[0019] If it does in this way, the coil of the 2nd configuration will be easily formed using the coil mold 
of an easy configuration. Invention according to claim 12 fitted into the salient pole of said stator with 
the coil around which the coil mold of said 2nd configuration was wound about by this coil mold. If it 
does in this way, form collapse of the coil of the 2nd configuration will be prevented by the coil mold. 
[0020] In the electric motor with which the coil with which two or more salient poles are wound about 
around the salient pole where the stator formed in abbreviation regular intervals counters is 
connected to a serial, and one phase is formed in the direction of inner circumference, invention 
according to claim 13 was taken as the configuration which optimizes the configuration of each coil 
and increases the number of turns of a coil while it divided into two or more different coils the coil 
which forms said phase. While an electric motor is miniaturized when the output torque of an electric 
motor is set constant since the sum total number of turns of two or more coils which form a phase 
will increase and the magnetic flux generated in a phase will increase, if it is made the electric motor 
of such a configuration, when ** is set constant outside an electric motor, the output torque of an 
electric motor increases by the magnetic flux which increased. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the 1st example of the coil structure of the electric motor 
concerning this invention 

[Drawing 2] Detail drawing explaining the 1st configuration same as the above and the configuration 
of the coil of the 2nd configuration 

[Drawing 3] An example of the formation approach of the coil of the 1st configuration same as the 
above is shown, and it is (a). The perspective view and (b) which show the coil mold of the 1st 
configuration Sectional view showing the cross-section configuration of the coil of the 1st 
configuration 

[Drawing 4] An example of the formation approach of the coil of the 2nd configuration same as the 
above is shown, and it is (a). The perspective view and (b) which show the coil mold of the 2nd 
configuration The sectional view and (c) which show an example of the cross-section configuration of 
the coil of the 2nd configuration Sectional view showing other examples of the cross-section 
configuration of the coil of the 2nd configuration 

[Drawing 5] The sectional view showing the 2nd example of the coil structure of the electric motor 
concerning this invention 

[Drawing 6] Detail drawing explaining the 3rd configuration same as the above and the configuration 
of the coil of the 4th configuration 

[Drawing 7] The sectional view showing the coil structure of the conventional electric motor 
[Description of Notations] 
1 Stator 

1a-1f Salient pole 

2a, 2c, 2e Coil of the 1 st configuration 
2b, 2d, 2f Coil of the 2nd configuration 
3 Rota 

3a-3d Salient pole 
5 Coil Mold 
5a-5d Coil mold 
7 Coil Mold 
la-Id Coil mold 

9a, 9c, 9e Coil of the 3rd configuration 
9b, 9d, 9f Coil of the 4th configuration 
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Otem(s) to be Amended] Claim t : c \ . \ : — 

[Method of Amendment] Modification 

[Proposed Amendment] SEJ| 
[Claim 1] In the electric motor with which it is constituted including the stator by which two or more : 
salient poles were formed in the direction of inner circumference at abbreviation regular intervals, the 
coil coiled around each salient pole of this stator about, and Rota in which the salient pole of the 
direction of a periphery which Is the inner circumference section of said stator, and is arranged on 
the same axle was formed/the coil coiled about around the salient pole where said stator counters is 




from two or more coifs with which volume configurations differ. ; ; 

[Procedure amendment 2] 



Dtem(s) to be Amended] Claim 8 ' f ||§ 

[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 8] The stator by which two or more salient poles were formed in the direction of inner 
circumference at abbreviation regular intervals, and the coil coiled around each salient pole of this 
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stator about While bein^ronstituted including Rota in which the salienrpole of the direction of a 
periphery which is the inner circumference section of said stator, and is arranged on the same axle 
was formed, connecting the coil coiled about around the salient pole where said stator counters and ; 
forming one phase In the electric motor which constitutes the coil which forms this phase from a coil 




skin of said stator, and said 1st straight line, and the inside of the angle of the point of the salient 
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direction of a stator periphery from the angle of the point of said self-salient pole, and the field of the 
abbreviation rectangle configuration come out of and constituted — winding — forming 
It is parallel to the 4th straight fine showing one side face of a self-salient pole in which the coil of 
said 2nd configuration is attached in the coil of this 2nd configuration, the 2nd radii showing the inner 
skin of said stator, and said 4th straight line, and the coil formation approach of the electric motor 
characterized by to wind and form in the angle of the point of the salient pole of the adjoining stator, 
the 5th straight line which prepared predetermined path clearance, the 6th straight line which is 
parallel to one side face of the adjoining salient pole formed in the stator, and passes along the point 




[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 13 
[Method of Amendment] Modification 
[Proposed Amendment] 
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connected in the direction of inner circumference, and one phase is formed in it, 
Coil structure of the electric motor characterized by considering as the configuration which optimizes 
the configuration of each coil and increases the number of turns of a coil while dividing into two or 
more different coils the coil which forms said phase, 
[Procedure amendment 4] 

[Document to be Amended] Specification |||| 
[Item(s) to be Amended] 0007 V ... 

[Method of Amendment] Modification 
[Proposed Amendment] 

[0007] 1S-| 
[Means for Solving the Problem] For this reason, the stator in which the salient pole of plurality 
[ invention / according to claim 1 / direction / of inner circumference ] was formed at abbreviation 
regular intervals. In the coil coiled around each salient pole of this stator about and the inner 
circumference section of said stator, and Rota in which the salient pole of the direction of a 
periphery arranged on the same axle was formed, It consisted of ****** and the coil which forms 




[Procedure amendment 5] 
[Document to be Amended] Specification 
[ttem(s) to be Amended] 0015 



[Method of Amendment] Modification ^ ^ 

[Proposed Amendment] 

[0015] Many coils will be coiled about by the space between the end face sections of a salient pole if 
it does in this way. The stator in which the salient pole of plurality [ invention / according to claim 
8 / direction / of inner circumference ] was formed at abbreviation regular intervals, tn the coil coiled 




around each salient pole o^his stator about and the inner circumference section of said stator, and 
Rota in which the salient pole of the direction of a periphery arranged on the same axle was formed. 
While consisting of ****** connecting the coil coiled about around the salient pole where said stator 
counters and forming one phase, when the number bf said phases is odd In the electric motor which 
constitutes the coil which forms this phase from a coil of the 1st configuration with which the shape 
of the former differs from number of turns, and a coil of the 2nd configuration Are parallel to the 1st 
straight line showing one side face of a self-salient pole in which the coil of said 1st configuration is 
attached in the coil of this 1st configuration, the 1st radii showing the inner skin of said stator, and 
said 1st straight line. And are perpendicular to the angle of the point of the salient pole of the 
adjoining stator, the 2nd straight line which prepared predetermined path clearance, and said 1st 
straight line. And the 3rd straight line which passes along the point of the direction of a stator 
periphery from the angle of the point of said self-salient pole. Are parallel to the 4th straight line 
showing one side face of a self-salient pole in which come out, wind and form in the field of the 




straight line. And are parallel to one side face of the angle of the point of the salient pole of the 
adjoining stator, the 5th straight line which prepared predetermined path clearance, and the adjoining 
salient pole formed in the stator. and it wound and formed in the field of the abbreviation trapezoid 
configuration which comes out with the 6th straight line which passes along the point of the direction 
of a stator periphery, and consists of angles of the point of a self-safient pole. 
[Procedure amendment 6] : .|| : '^-i,ir i-' 

[Document to be Amended] Specification ; T ? ; ' 

Qtem(s) to be Amended] 0020 , * • T | 

[Method of Amendment] Modification 
[Proposed Amendment] 

[0020] In the electric motor with which the coil with which two or more salient poles are wound about 
around the salient pole where the stator formed in abbreviation regular intervals counters is 
connected in the direction of inner circumference, and one phase is formed in it, invention according 
to claim 13 was taken as the configuration which optimizes the configuration of each coil and 

increases the number of turns of a coil while it divided into two or more different coils the coil which 

• . 

forms said phase/ While an electric motor is miniaturized when the output torque of an electric motor 
is set constant since the sum total number of turns of two or more coils which form a phase will 
increase and the magnetic flux generated in a phase will increase, if it is made the electric motor of 
such a configuration, when ** is set constant outside an electric motor, the output torque of an 
electric motor increases by the magnetic flux which increased. ■■' 9 
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»©#**»e>«j«ufc. 

[0 0 0 8] w©«fc5fc«j£©Stt^-*K-r;}xtf, ^ 
^-^©*HSi-r6*«»c##ia$lx5*i»*»e>/j;5ffilc 

T b/U^ *«± ^-tir^o eSoT, ^x-^©«-^®(c# 
*0$ix5**©#t»«S:*a[^i-5-i:KJ:oT. 

[0009] i»*«2ia«©^?^i4> tteti©ff;^«ft 

^irUfco r©J:plc-t-ixtf, ffi©«c^«ftfi©»d-(c 
tt. IWW-*»BlJi****o**6«»*##ia-MII 

so [ooio] 3 tett©^Bj(4. fltreasas Rfca 
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i mvto>*m t , ttjR i ^©^matm i j&#©#*s 
2Bvxommt > frbm&isiz. zozoic-rtm, m 

»B«>£Bfc «fc 9 # < EZhZZkktt 

[00 11] iS#«4iE#©1SSHli, lWIEIBlJgtt©* 
ESrSfr-f^ l ©SiHi, MlE^x— :?©rtJI]®£^:b 

-t-* iw Hat, flfria^iwiii^t^ffT', a>o, 
^5*x-*©^©5fcffigc©£ 1 3?^©? y t 7 

«:RttfcB2 0>itt»i:. MIH^l WiS^irfiiE-e, a» 
o, HrES^<oftSS»©^J:9^f l -^^ffl*lRlOjS 
«:ii5»3roiBj|ftt, ^jft£ftS«Jt#&)EM*OB£ 
rtfc»/*U BBB2BK©***, 0EJB2»ftO*M 

«riB*y-*wrtBffifc**>*-B2©p39iiJ:. nc 
9cjmn>Akmte*>* vT7>x&mvti$it5<nm.m 

rtl«t5Mt Lfc. 

[0012] £ i TEMKXtfB 2 JEM* 

BBtt, B«fEfB©1&£3*ii: Lfc. C © J: 5 Jc1-*Ui, 

± Loo, «3ta*B¥lc*S. 
[0 0 13] B*«6ett<Z>B?U±. «]a&tSSr#«c^A 

©sSffiK##|Hi$ii5#lft©#»*J|5|-i:/ji5 «t 5 fc, 
i!&iE#*S&iffl*'&;b-frT*j5£ Lfc. d© J: ? (c^-ftii, 

[0014] mm 7iEtt©S§HJte, WIStBiiS#*^^ 
HU ift!2 4 ««©#$£. BE*y-*fc:jB/iE$*Lfc& 

$ ntcrn i MtKnmm k.nemi mvtomnukvm 1 ^ 

SixfcSB2^«o*i»a:» WEB l BttOttttoBBK 

2Btto£ift0BflicB*B£Ji. *©ttfWK.B«-*- 
5 3S«©5fci£&©:S £ ^BBKICB t JKfiS; $ ftfcB 4 

[0015] r©i? K-ftuf. ^B«)£BAB<9^m 
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EB©BWtt, rtB*lSilc«*rogl««SB«*BIWfcJgriJ 

^ftfc*^-*^ i£*-r-*©2;*©3SffiK##|e!£ 

mm'>\M.mc&m£tiX l o©tB/W&*£*t5£#fc, 

#JKttXtf««c©*4-5B 1 »#©**XtfB 2 B#© 

R* l Uffrttfcixse 
BffiSrBfr-t-BirottBi:. iWfe^x-*©^®^ 
*>i"|gl©Mi:. UWBBKOiEBirVff^ P 
S-ra*? 1 — *©£«0>ifcB»0>a tMScD^ y r 7 > 
*«MSitfcB2©B«i:, HuffiM l ©Si^tfiSX*, ^ 
o, l^iB«©*«tt©flJ:0*^-**B#l6l«>j6 
£iISJg3©B:2gi, TfBriESixS w«« 

20 ifti;, iwi2*x-*©rtJ§ffi£^^|g2©R3l]li:, hu 
©£«&©£ t/JrS©^ yr7V^*K»*'fcB5©B;B 

x?-f\z.B&zfoizm&^z , &m<n-mmk¥-'tT 

rttd##^Lfc. 
[0 0 16] r©±5**»©^*ifeK-t-Jilf, 12 
^©BB«r£«WR9ftttfc8L Bl»«©«««rB 

30 T^^KitLoo, S£5l5§|©Slti^— ^ iJt^T^© 
#»^ii^:L. -S©««tt**fcBLfc«*; WiLT 

miBVtomm*. mmm 1 ©b«i. «i©niasr>'m 

3©KBS:a^Lfc#Bffi*ffli\ mifal&2©BBT-$ 

@Lt:Il)gttS:«Lfc^ K»lJI5«SrB3£LlWnE 
««a*JS9«.LT»rtLfc. 
[0 0 17] ^©i 9(ci-ttii. B¥<c»*o#BS!S: 

40 ffi«©^P^tt, BiaBi»«t©#l!a!Sr» R#^Sic^ 

# mztitzmm. k &kwi&xt-* <o^m Lfc. 

[0018] B*9 1 1 IB«©^0Jtt, 2 

%B*. tfris^4©a:^, B2wn3BLRo«»4wiS*iii 

J^oo, me«lkSOftTB^&lll»B«:««BLT 
i2«^Lfc^, BB2^«rB£LBG«BM 
so Sr&iJfl-LT^fiELfc. 
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[0019] roj;?fci-*uf, mmttmvtvmmm* 

[0 0 2 0] 1**91 3EiteW!gWi, rtJl^fii^SSSfr 

temi$.vwM*~?\c-t-tuf. te*mf&i-?>2y.±<Dm 
x\ mm*t-?<n\&}} h^?*-j£t LtzWr&icn. m 

[0 0 2 1 ] 

Sot, -fe<Dnffi*mcffiLtzig ! &, mic&±-t 
[0022] w*92ia«ro^pj{c«fc^ii, m^mm 

So »3ft'*3B*<0»WlcJ:ntf. *-r-*«03HS©K 
[0 0 2 3] !i#94iE*&©f§BJll£J:*iff % S-ffilcfctf 

&&®M,lcMf&i-Z> z. b frX-%Z(r)X\ mh*—?nVk 

[0 0 2 4] !*#*5R*0>«WtcJ:;Mi. *B«i$:£3 
fit L^f-^^IHStogcSrei-rixlf, HffliMjft h/u 
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iSffl-rsr tas-css. hp*>-» 

[0 0 2 5] f»#S7lS*W«6giiK:J:ftli» 
ttffl* * J: 0 *fc, ttlb 

*>>bmt-rz>^tttx*zz>. 

[0 0 2 6] SM&S8|B*©»9iteJ:;h,tf. Il» 

20 Sffctejh boo, f££M©*lb*-.*iJfc^T*»0># 
»Sr«l*Wlillt*-rsCi:as-e*a. IS#]l9ffi«©3! 

[0027] st^i ossm<p&WK£ti\f, mixm 
mmc&Girzvx'. m®m\c£^>xmiMtf;<omm<n 

[0 0 2 8] lf#JKi 2fa^ro^pjicitv«, m2jtm 

[0 0 2 9] 

[0 0 3 0] gpt>x *^-*©#36iBfc#£lEl3iifc* 

5. SEoT. *I8M«, 2 £A±ro*«4» 

(*») ©*Rfc#«U **©«l6Sr*<0«tfti*Jc 
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[00 3 1] *ft«fW®aSrSgi Lfc#38?B© 

gtfrftMMM b Lt, KtTtcsE^ -5 SB l tWB 2 

* ©lsItetttcSi£^¥S-C<o»rSE**t>-t-. 
[0 0 3 2] ^X-^ (mfe?-) lfctt, -tW^'frtefc. 
StLT»6 0° fel:rt|S|t©6o©5?il a~ 1 f flSJg 
J5E$tlTl>2). ^W^ffil a~l f {4, 1 <£>$!& 

t-, ti2a, 2c, 2 e itmrn^m^m^mmb 

ii2b, 2d, 2 f ttWBBttm^T^tfct&oT 
*1 2 »«t«)»ttH:. LT, HI 

[0 0 3 3] *frS]i-5 2o(D#«, 

2 a £ 2 d , 2bi2e, 2ct2f i E^JfC^ 

(3) VhZtctb, i«©I/j:5Ilfti:l2^ 

<4, *(c|s)*(6i(ca*^5S^-rSJ;5icie?iJ(cg!i^$ti> 
T*J0, MxlJ, «*2 a t 2 d bfrbteZftKmfc* 
#j®2 a^x-* 1 W^Ml*^ (^fp 
A) {cipJ^oT^^^Ufct-f Sir, #$!2dl4* 
x-* 1 O^C<;fr|S] (fcflJB) t|Sl*>otl*^4t 
S„ &Sr6i:, ??ilaMl d ©£{||-C*ittj&s«ffi 
W^ffrfiiJJCI^^oTjttL, glffil aMl dW^ftijT-a: 

[0 0 3 4] 1 <Df*jgfltCI4, n-* (0^) 

3i4S|^$iJbJC|a^$tL-C*i'9, 0-^3^(4, ^rO^fr 
tefc.*f-LTB&9 0° ©{C*M6j#©4o£>3$®3 a~3 d 

Itfetu-O^. HI2J4, #i|2a~2 f ©»ffi7EM*©!¥ 

[0035] mmmmk.LTtemijtm (#«2'a, 

2 c, 2 e) bH2M#i (#$2 b, 2d, 2 £ ) 
*>5>$s, *«Dft*i:U-C#iR2a£2bJ:fcR0!U to 
©#$2 c~2 f li^tuilU^T-foScOT-, *©tftBJ§l4 
*lJEW©#lft2afcoVvCKW-*-6 
t, fgl^#(4, 55^1 aCD-iWBSr^-t-Klla (Sg 

loan) ^f'-^iortfflffisrjs^i-pqsab (is 
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b<Bft^&OT££ii5iSI8K:#U?r£0>* !^77>^i 
l SI* c (^2(0i£^) t, c (cSfi-C*, 

t5*o, a©5fe^«O^^Mi^iSS2 a<Dflf+5feiS 

j&tfLZhZo ? yr^v^A 114, #»2a«) 

#H2 b t^F*as±i:/j:^J:5fc-*-5. 
[00 3 6] £ 2 JgftO^Jjl 2 b ICOV >Ttft9J-f 

io 5b, f 2ftt(J, b»-li^WIie 
(^4«iti^) b, l ortJlB5r*^-t-R3I f 

(Jg2<7)RSffl) £, EiSg e t we, ^o, mm-fz^ 

x A 2£*-f5figilg (^5rojt«ft) i:, DirESDMl c t 
¥tTT*, ^O, 1 bCO3feiggp05^^l,S4#«l2 bB 

is, ^ i MWt<n# y Ait i^fli"e$>5, 

[0037] H13(4, mi ^©#iS» (2a, 2c, 2 

#*2 a©JRfiR*ifefcoV^-C«)*»M-*-*. 
IP*>, Il2all, HI 3 (a) K*-*-J: 5 *«»a5 Srffl 

a~5 dldJ:9«AS$ix-C*s9, ^WSil^tt, =© 

5o 5 ©WBJ&Rtt. 13 3(b) ic^-ri^t-, S 

6 a ^meXtSl a JC, -SjgB 6 b aSMIZiSiSI d (X 
14, Rib) lc v .ffcigB6 ctfli&iEPMb (XI4, XM 

30 #«|2 avmmx-mmi-z (H2#m) . 

[0 0 3 8] — JRWIC. I$2a Sr##fi*a-5 t # lc 
<4, HI 3(b) TW2*W^O't 3 *iC?>:co# 

m<Dts#>zm& (sinjiS**) t»<*5. ^erx*, # 
«S5«igg6 b i 6 c b&te-rram m) 14, «re 

o**x*o*$fc-ft-t>*» *TJPtettr©*»:, 2S 
g (CI4 1 A S «t 9 lB'M^*ft, 3BSl4StjaTB 

tf 1 Jgtt©«Ht*JKWrffiSr»o#«l 2 a #3&*-r *. 

*«!5a-5dS:»ML-C^t. 112 a?;* 

B6 b^L<«46 ctfmfXL&ib 2|Sl:I-t,tL 
*-9»T% tiS5 (5a~5d) <4^rtu(CWx5fc'(7 

. [0 0 3 9] r.w-efflV-6#SIS5l4, Hl<0 J; p 

#^2 a lJcStfjf+its^tr^© 

so S#J(DtroT-tfi:V\ MW©Sl)fc'Jt©»-e-(C|4, SRt 
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tft'y(DX'<-xtfT-m?J:tcibmi&2 a£fc< £/u#l} 
S^t'cD^ y y h&$>Z„ — #eV©4§-&tdli, # 
fVO^SrlidEaDlfta. c, dMHld (H2# 

fig) tc*t>*T^i-Sje5.sas*>6i», afirvftf+B* 

Id, #jg|2 ajWBJMftfrjBr. UdO\ ^f-^liS 

?h#*5. Sot, £*>?>S:Sffl-*--6JM*» SR^t- 
*©g#ttfg (ffi^h/i^, tr#*LTWW 

[0040] 04I4 V ^2JgftWti (2b, 2d, 2 
£) 0JBj&!r&fe*fr-ra£Br?fc<5. ddT'll, f&W 

©fl!l:±, t«2 b©f^fetoV^©^t5. 

BP*>, ii2b IS, HI 4 (a) ic^-T i 5 7 Srffi 

3#JB) fcRttlC, 4^«$ttfc#i^§!7 a~7 diCj: 

(l*^57>^«Ci£^) ©ErESr^TLT 
^5. IMSffl7o»ii«tt, m 7 (b) id^-TJ: 5 Id, 
Sgfl 8 a ^MIEie^ e Id, ffi3tfJBir'-i*98 bjJSflffS 
itiSS'e irffitSh irro^fC. ffiffiffi 8 c ^WlSnm f Id 

[004 1] 6T\ $ 2 2bit $ l 

$2 bO#»ttJbJBfc<c5B4f«fe L4*6#V>Tlf^a» 
fcttfttffcfefcv*. rois^ct, JBlJ&t*©**2a 

14(b) ©J: 5 Id, ftTJIi 2 « B ttJB 1 JBMK©# ' 
«2ai:Ri:f 1 3«Bte2gB i?iJ-f<b 
L"C#S\ 4*Btt30BJ:0 lE'>fcvMMfcS:#<. 

HI4(b) wJ:5*«4*ffi^*jl*ix» Z<D&mmW6 
0° i/£5 e *3Qfi«-e«4, fflAS3o {^7—9 1 <o£ 

b fcfctttf&SfcflMfW 6 0° Sr^aid^-TS d t 3* 
T?# So 

[004 21 st 2il1f2H«5)Lt*<i, «d» 
ftl«3 0 o %ZX\ 114(c) ©<fc?|d, 2jf 

B2|eJM (30° ) , 3SB1Ih1^ (30° ) . 4fg 
2@« (30° ) , 5gB.l!UJ£ (30° ) tU 6JI 

B*r»ti±riaK (6 0° ) t^oWLb\.3>*&m-rfr 

li, ¥*9ttldlfc3 6° W^g(dT?#5. d©££fi, 5 
*B * 1 CD^*Si&/5 5 1 0) ©SR4— ^©145^ 

^fj:im5 (3 0° "To©*,©!*, 

[0043] d d t*^k l fc-fflaig «^ 
mmwnmmki (7a~7d> i±, 

t*g;t?>t©T-*>5;5S, 9 lJ»*i Pit 
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£5& = ©^©:K$#|S]£i©T&oTfcgL£;t# 
^„ *fc, ::t*Lfc2o<oit (^1»WI2 

IlcMLti?)^, ^T— * l©3§Sl a~l f ©1 

(fflraanab, f©&#) idii, 

[0 0 4 4] £bld, HI 3(b) O— ftijffi6b (XII 6 
ItSmllBtE^dli, acortJSB 1 a ' £S£ftLfc 

[004 5] jfef 1 f2itOtS2b, 2d, 2f£ 

^r-^io^iib, id, i f {dia^#ijs. m& 

2 b l ©rt«^3£l,a*. 1 b Id^-g-T 

5. droit, #;&2 b©fl.JlBi2, Wj*Lfci9JdiI 
ifclg (B2#M) laotifttS^Sl aMlcO 
20 5fe«l35co^i:^L^^J;5ld^$4xT^5.cOT*, fa 
©l»«fc*<£«l 'bCK^tSditf-PtS. IsHHId 
LT, £i&2 d&tf2 f t#l^f+^Sc 
[0 0 4 6] Jjcld, ^1JF^(D#^2 a, 2 c, 2eiS; 
1 ©3§Ml a, lc, 1 e Idj&a3itttt5. ^2 
It©ti2b, 2d, 2 f irlRlfilld, #^.2 a £*r- 
— ^ lrortfiiJIdML^^, l^ffi 1 a IdfK-g-i-S,, dOi: 
#, iSlaC^Ili, HMxEbfcJ; pldili^c (E92 

so Vi^A lS:BSTT^J*$jxTV>5ro-C, fa© 

[0 0 4 7] "T'<TCi#^2 a~2 f Sr^ttlj-fc ?>, 
#i^2 a~2 f #»©@^&{d»4#a© 
*«fei5S*»5*s, HfriaS^dSt/hSr^CD^Sg^O^T- 

40 t Ltfv^fc^ EI7C>J;5ld, ^.-t 1 -^ l Old^ 
Lfc?5ffi 1 0 a ~ 1 0 f (DSJggPilff^ldtt, ^ffl$ix-C 

^„ dcogl-C'ltS©^ (KrBHlO/h^LO^c) lii o 7 

X 2 = 2 1 4I°IT*$>S, *&W<D S 

R4-^{dJo«t5 ltiO^(±, 1 2 9 0+ 1 1 50 = 
2 4 40T'fc9 . ia7J:9W&A»tc#i»© 

Sot, iej-fl;^ffi^ffi{dijsufc^id|g 

so ±S*5cfc*s^rtgi:*5 0 
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[0048] H5i±, *&w\c&zm.W)*-'?(nmmffi 

igCOjg 2 m&MZTF Lfc t> <OX\ % 1 lll60tJK:;fc5l^T<£ 

5, #»ii, lfSSfc'9 4o©tIt«$H5„ BP 
*>. 3§®la, lc, 1 e»C*TLT^3ff^ro^9 
a , 9c, 9e, lb, Id, 1 f LX%& 9 
b, 9 d, 9 f ;4SiiAP$tL, #J;Ltf. 2§&1 aSth'l d 
/^ft-SfBte, #82a, 9 a (^Sla) , #$2 

d, 9d mmid) frbmf&ztiz, **s, 

Mle, SS&lc&tfl f *»e>*5ttfcra*-C*>5. 
[0 0 4 9] 06 14,. #$9 a~9 f <OWiMMVi<0&to 

(Il9a, 9 c, 9e) tl4Bt (Il9b, 9 
d, 9 f ) kfchZiK ZOftmt l_T#i$9 a i 9 b 
£!£9!U <t!lW#^9 c~9 f licixi mmxhZ><D 
X\ *:<OWLm-5.mV&-fZ>. ^3^#c^^4^ 

cdt\ iftW^ffiSCi, ?§«(D-^{|ijcd^ • Men 

L> ^W^ilijCi^ ■ .SJCoi^TlilRl-^-SI-ic r j 

[0 0 5 0] $fei\ m3^C0^9 a(COl>Tlft^t- 
•5. gSffil a (D'p.L'-mt^m 1 bWW>ili«2§M 
i> lcortigi(D£,&£ffiWJ5S.&Ci-r5 0 r 

9c^U<O^X'(DmmD b . ^la5r^fc*M^fett 
{cfcS{511.«C' iSrSlJSU KgtE^K 

fKDS0 ? EC5*,Mv^lc-&i-5J: 5l£ s ffiim.&C& 

CRtfC' b-fZ, ftfC, i(0*M^C^P>, $H9a 
a <£>$fcagg|5C9£| (jf^cD^) if© 
i£$£Fi, #812 a £^fi£-f ■5iOTeS«lc (I2#I) 
{CWC'9f^W^UT7^^A3^(tfcil:iSi ' i* 
x-* lc0ftIgiw£,&£T*O^|$Gi£8ij;£U ERt 

7" 7 A 3 £rf§SE"t~£> 0 ;:<£> J; b \C LXfcfe&tltzig. 
ti' t, l©rtfi©n30lj ' i, TOC 

£>I?)#i&2 f ^«^-r5fifff5i£^g (0 2#JS) i¥ 
fTfcBOSk' i, lcio-CH**b6*=«Jt?«t©«««s 

[0 0 5 1] JB4»ft©#J»9 blco^TlftWf 

T7V^A4^ltfciEiS l ' i*r-* l coftiiiw 
SE^SrffiJStjjSH' if*. m& 1 b <D&LttW\U*mm& 

Htfhz) „ cwiKJBjSH' zzmibz&AsX'm 
s-t-s&si cro5fe*ggp<D^iT?«5ffisti i, HuiaEiis 

xb5&wLvti\g:mmk(D#&i£X'<Dmffij i^aus 

U EKj!»EKl»0«J©5*>»t^aC-irt-5J:5 
»C, ?U77yx44t^liA55:IISt5, *tt, 
WmtaWR&H&TfH' £*K£i1--5. ftK, ^ 
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.&H' A>5>. #$9 baHfrg-f -53HS1 b 
(S^#<BA) iT*©£*Ki, m2ff$t)cS:1t^-r5Hfr 

L*SE«KXl/L©5*)ftV^*iC-Sti-6J:5iC % * y 
In, m, 1 t^f-^lCrtl^niotlCioti 

* tizt&i3mm#<D&mm 4 km*& & s. 

[0 0 5 2] %3JtmRXfWi4ftm(Omm9 a~9f© 
io f 2ft»M2b, 2d, 2 f iB&PltS 

-C*>50>-(?-t©lMifiM!fl&-*-5. {&U 04(a) Kfclt 

7 ©±T#rS](4?§^©g$ ic-frfcrtirSC-ettfc < . 
m 1 JBHfoSi^ttSS 2 3W*0*»0»*»«rt*< Kft L 
■CJ3<ifiJKdS*>5. 

[0053] rrt*. m2mm&uc&rtz>m$n<Dm%-tt 

ft*)£^0 5Sa t 0 6S:#fiBLoolft^1-5 o 5fe1\ jg 
3Bft©#i9 a^r-^ lOrtgCtcHLii^, 0 5 
T?fc±^ 9 «fc 5 KL % |»9a <©«jfeCfl!l*:&« 1 
a ir 1 b i©R(-»A-rSo *LT, BRjfeC^M3t«>ffi: 

&miR**'bt Lttt9 aO^ttiJ^^^itfSi^lClHl 
<E^*T» #^9 a C0JS.SC * ffiiJSr?^1£l ail ft© 
rat-Jf A-TSo lOtt, Il9ail6 -CKW Lfcm 

[0 0 5 4] iSfcfC. JB4?K«t©*lft9'bSr*9#»t5. 
#19 bSr)R5W-«t6lWlc, RfclR9(+itfc*3»tt«) 
#19 c t<DTmzm-}Z>'<< . #IS 9 c £-J.£« 1 
30 d(l!l(cr^f-o rfe-t-tttt. #^9bSr«fig-r5ililSl 
Oft$S«T-foti<fS'9 5. #i^9 c5rr<bLfc<b#^ 
9 b^0T-7K 5 PcO(S]#[CL. ?ig«l bile ico^teff 
ALT, H.SHcoaS : Sr'g-t>*-5, ^rLT. #iH9bco 
£M*ft-t>±lfZ>£.0\Z®fc£li:X$ZMl a i 1 b<DR 
KH' fiiJSrA^-So i<Oi#t> #*9 b^H6©RM 
©a 9 ©jft 4 »*ti*oT l >nii; igf55ISlaR 

o=i cojt«i»©Afcsfc&-rjcffAa^iBT?*>s. ft 

(C, JfAUfc#<ft9bS:a«Jl"e>L-C*J^*:#«l9 c© 
eaiC-e-^-frT-f^L. (S)B#{C5fetCtfALTfc5#^9 
40 a t>$flft9 blC^-^-fr-C^l bW^|63lC-f f>fo ft 
{C, #19 fSr«»9btH*0?)8T?ffAU-i«9 
e^ffil KDHmc-fh-f* #i^9d$rl&"9 
ii*, Wj^H leJifto£-e:5±T-|;}:#a£ 
9 bSt>*9 f ils]«T-fc?>dS, *©**!lME**-C^o 
ttf ?> LT$>5#it69 c^fc5fc*Ab^</\ ^r. 
T% #19 dl4jitf 3 *-eiHlfe$-ti:fcf>-J.^y ; -i? lrt 

Tk^l-i-S, #19 c~9 e^T'COliJiCtf 

ALTfc5#i^co6c«Sr**cr>fif:a(CML., *m»C#itS 
so 9 d 1 d i WtcTIf T#^ 9 c i 9 e ©IB»Cif 
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x-fz, «±©»tf 3 ^yi 4 »Oti5:l 0 ft 

[0055] %2wm(Dmmzfriottv. 
<D%mi*m i stfig 2 m^m^t^m Lti^mmz- l 

X&5©X\ ^.lH^Jt Potest?) f+ Itixlf <fcV\> » 

5 0 IIU lfflcD##|eIgcl2. HI 7 ©Se^J^ 2 1 4 

XII, 12 90 (#i&2 a) + 50 (#j»9 a) + 1 1 
50 (#H2 d) +190 (&M9 d) = 2 6 80i& 
0 , * 1 38fi«fc«- Lt 1 0 %, &5t50iJtC*f LX 2 5 % 

©#siHisc*j!io^He.n-c^s. got, isics^*! 

[0 0 5 6] *fc, |g 1 HJ60ijT-|i, fftOj|45 2ffi 
Ot«lMlfc»*LT^fc01f, «Mf^RAtm 9 f+tt 

4«.-cs>9 , &'p<om&x*&&m<om&&m aa-zz 

t tf*imv*> <0 . #3H60iJX b ^« 1 a ICt£tffc#it&f± 
irfBOii 01340, Id KtSttfc^llfc 13 4 0X- 

[0 0 5 7] «±ift?SLfcJ:?tC, *36W?tt: % SR^ 
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5it*t?§5. &oX. *y-*JK#«r/h3< LXt 
8P*>\ T^^- a.*— #©/hSHba«rtBt<eS. 

nas©isi**iaw] 

[@i] **W fc«sm»*- l* 
iS0iJ£^-r®TffilIl 
[H12] ' Pl©fl»tSVf 2M©tIO»flr 

[ei 3 1 m±<om i wftc>mm<Di&f&3jW;<o-m** 

io L, (a) (4« 1 JKtt©#*ffiSr*-*"»«BI, (b) l±!8l 

[HI 4] R±©*2»*©#lftO»j**8fe©-«*r* 
U (a) !4JB2JK««)**aS:*-rt*SH.- (b) I2|g2 
JI^0*ftQKa67Btte-fl*^1KBBk (c) H:SB 2 

[[215 ] *%m(cft£ttlb«-*<&«JM*jgb£2£ 

[0 6] H±©*3®ttAtm4»tt©#»0?K*tSr 

20 [0 7] «*©««i^-^©*l!l«3tSr*i-WriBia 
[^co&W] 
1 

1 a ~ 1 f S§S 

2 a, 2 c, 2 e %\WfoD%1& ■ 
2b, 2d, 2f !& 2 

3 n — ^ 
3 a ~ 3 d 
5 «R2 
5 a ~ 5 d 

30 7 

■ 7 a ~ 7 d 
9 a, 9 c, 9e f^3M^Z<O^B 
9 b, 9 d, 9 f ^4^«©#^ 



im2] 
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